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ABSTRACT i 

This conference explored vays to improire mathematics 
education for inner-city schools. Five position papers, together vith 
summaries of the discussions of these papers by conference 
participants, are contained in this report. Topics range over types 
of pre- and in-servdce teacher training, laboratories and materials 
for the inner-city school, and relevant instruction as veil as other 
pedagogical considerations. One report reviews many of the projects 
that have been instituted by various agencies or institutions which 
attempt to upgrade mathematics education in the inner-city schools. 
In the summary of the small-group discussions, a list is given of the 
recommended vays in vhich SHSG could contribute to the improvement of 
inner-city mathematics education. (JP) 
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Prefac^e 



From its inception in I958, the concerns -d' the School Mathematics Study 
Group had been largely along the- directions of curricular changes. However, it 
is clear that questions of te^icbing mode are vitally related to those of cur- 
riculum development. Equally, questions concerning the audience for whom the 
curriculum material is iriten.!<;ci are related to those of teaching modes. Con- 
sequently, since the spring of 196^, the School Mathematics Study Group has 
been devoting increasing attention to mathematics education for the culturally 
disadvantaged population as well as for the "slow learner". With financial 
support of the Cooperative Research Branch of the U.S. Office of Education, the 
School Mathematics Study Group held a conference in Chicago, Illinois on April 
10 and II, 19614- to explore recommendations for experimentation and curriculum 
development with regard to students whose achievements in mathematics is below 
average.* 

In the past few years, the impact of problems in the inner city has been 
brought to bear. In response to these sensitivities, the Advisory Board of the 
School Mathematics Study Group has recommended an exploratory conference simi- 
lar to the one for below average achievers in 19614-. Financial support was ob- 
tained from the National Science Foundation, and the Conference on Mathenatlcs 
Education in the Inner City Schools was planned by a committee of Board members 
(William Chinn, Chairman; Karl Kalman; Dexter Mager8)-and was held on March 6 
and T, 1970 in Philadelphia. 

Five position papers were invited: a keynote paper to relate the problems » 
of mathematics education "^o the general problems of education in the inner city 
schools; a survey of existing" projects which attempt to attend to inner city- 
^jroblems in mathematics education; attention to these problems at the level of 
the state department of education in a large state; and a panel, focusing on 
pedagogy and- the laboratory approach as possible partial solutions to the prob- 
lems. In addition to these papers, three reaction papers were invited respond- 
ing to the report of projects, the state efforts, and. the panel. 

Tlils reyjort contains all the papers prepared for the conference, together 
with sumirairies of the discussions of these papers by the conference participants. 



^School Mathematics Study Group, Conference on Mathematics Education for 
Below Average Achievers, Stanford, 19614- . 



The program for the conference, r'^woduced on these pages, displays the order 
of events as they occurred. Rearra.igeraent of this sequence for the purposes 
of this report Is made simply to place the position paper and Its reaction In 
Juxtaposition, 

Although the participants were grouped Into four subgroups for the dis- 
cussions, there were many coniraon threadc shared by all the groups. Therefore, 
the discussions of all four groups are summarized together. Much liberty has 
been taken In summarizing the corafnents; however. It Is hoped that the spirit 
on the basis In which these discussions were made have been preserved. 



William Chlnn 
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PROBLEMS OF MATHEMATICS EDUCATIOM 
IN THE INNER CITY SCHOOLS 

Henry I. ViXlett 
Virginia Commonwealth University 

Introduction 

An increasing number of articles and books are being written about the 
education of the disadvantaged, but no accepted definition is used to desig- 
nate the diss, vant aged. As I understand my assignment, it is, to direct my 
comments to the problem of mathematics education for the inner city child. 

\fy instructions also indicated that you would be interested in the education 

0 

of the slow learner. I am sure it is not necessary for me to point out to 
this distinguished group that it is veiy important that we not equate a child 
from the disadvantaged community with a slow learner. However, I am afraid 
that this attitude presents one of the problems that serves to retard the . 
progress of children in the inner city. Consequently, I think it is impor- 
tant for us to make several basic assumptions: 

1. The child from e disadvantaged community or home is not necessarily 
■ a slow learner. 

2. Many of the problems experienced by the child from the disadvantaged 
area is the result of his inability to express himself verbally. | 

3. The child from the disadvantaged area is more likely to have 
language difficulties and a small .vocabulary as a result oi' limited 
experience f>nd meager opportunities for expression, particularly 
with adults. 

k* There is a danger that all children from disadvantaged areas will 
be labeled with the same general 9haract eristics, and will arouse 
the same e3q>ectations on the part of the teacher. 

.•5. The mathematical concepts of some children in the disadvantaged 
areas may be on a higher- than-nprmal level because of experiences 
that involve mathematics and decision making. For example, some of 
the children in the inner city assume responsibility earlier and 
many develop mathematical concepts beyond that of children of an 
affluent neighborhood. A six- or seven-year- old child* in the dis- 
advantaged area in the inner city may be more likely to have such 
experiences as being given a ^ bill and told to go to the store 



and purchyse . aotnething to e&t. This requires mathetnutical ability 
and decision-making ability that extends far beyond the experience 
of many children in the more aff'lver."*' suburbs. Consequently, we must 
recognize that mathematics does not necessarily hold less significance 
for the child in u low income family. 

Probably enough has been said to indicate that in this discussion, we , 
(jre thinking of the term, disadvantaged, in two different settings, and we 
must be ctjreful not to confuse the two. Disadvantaged refers to those child- 
ren who, because of place and circumstances of birth, do not have thosp experi- 
ences thut would tend to prepare a child for entry into school and to begin 
the formol learning process. 

The other use of the word, disadvantaged, applied to slow learners who 
have less ability to achieve acadeirdcally , not only as a result of environment, 

but also as a result of their own limitations in 'intellectual capacity. 

I , ■ . ■ ■ 

In the case ci* the very young child, we have not found any ready or easy 
method of determining the immediate cause as to why a child at a given time 
appears to be disadvantaged. In this latter sense, we find various estimates 
of the percentage of total population included in this classification. Some 
authorities would place this number at fifteen percent of the population. 
Other authorities would place as high as twenty-five to thirty percent, those 
children who ore rejected because they have been unable to** acquire language 
facilities to compete in the mainstream of life, both in and out of school. 
There is a dfinger that fi^lse labeling on the part of the teacher in the 
earlier years of a child's experience at school will prove Just si, harmful 
and dangerous as the false labeling of drugs in a medicine cabinet. Perhaps 
a good starting point would be to accept the statement made by Barbara Biber 
in a pamphlet prepared for the Association for Childhood Education: 

"Fgrtunately we have had experience with education for children from 
disadvantaged areas and know that, whi'le they need special understandiiig 
and adjustments to their particular needs and chai'acte:.'istics, they are 
like all other children. Fundamentally, they have the same potentiali- 
ties, the same curiosity, the same basic human problems to face in life — 
except that life has given them some extra ones no children should really 
have. When we talk about education, we want to begin by talking about 
what our understanding is of good education for young children-- all 
young children." 
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It is very important for persons in mathematics education to be concerned 
about the development of- the whole child and to recognize that the child's 
mathematical ability or lack of it may be closely related to the development 
of verbal skills. This is a factor that applies not only to the disadvantaged 
child, but to children in general. In fact, it seems to persist even into 
adult life. I recall studies in Wgh school algebra, many years ago, which 
indicated that pupil^ that could achieve on a score level of 10 when given 
the formula for a problem dropped to, a skill score level of four when the same 
principles were expressed v,erbally, or whien the formala hud to bo derived I'rom 
the written statement of the problem. 

I would now like to discuss several important areas that should be care- 
fully considered by mathematics educators. Remember, these sre the opinions 
of a generalist who makes no pretense of being en expert in the field of. 
mathematics. 

Take the Child Where He is 

Treat him as an individual and apply the best that we know in producing 
an environment in which a child will want to learn and in wAich he can learn 
most effectively. This will require that the teacher separate f^9ct from fancy 
in dealing with the disadvantaged child, and she should begin by providing 
experiences that have been absent or lacking in the life of the child. This 
means that the teacher must be concerned with language. Of- course, mathematics 
Itself is a language; however, in teaching mathematical concepts to the young 
child, there must be concern for language that gives meaning to objects and 
thoughts and ideas, along with symbols and computations, li/hether or not this 
kind of approach can be made to the teaching of th<? disadvantaged child with 
the proper consideration for his mathematical concepts and understanding will 
depend very largely on the experience, training, understanding, attitude and 
commitment of the teacher. 

Training of Teachers for the Inner City 

As a part of Pi^ojec t Aware , a study was made of 122 colleges and uni- 
versities that incorporated work with the disadvantaged into the teacher- 
training curriculum. Sixty percent of these colleges and universities attempted 
to give this awareness' and understanding in courses alone, but we now have 
enough experience to know that the proper training and orientation requires 
more than vicarious experience, that in order to prepare for teaching in the 
inner city, the teacher must have an unders+.anding that extends beyond subject - ' 



Blatter. This involves'^'an understanding of how children learn, plus some 
direct experience in working with children in the inner city. 

The Urban University program at Syracuse University affords a good 
example of this kind of program in that they have added a fif ;;h year during 
which the teacher trainee actu^^lly spends time teaching under guidance and 
supervision in the inner city. Experiments over the country are applying 
this direct experiential approach that usuall;' involves a cooperative program 
•between the schools and col]^?ges. It is a pretty traumatic experience for a 
young teacher, raised in a middle-class family, with no specific training 
and experience for the particular Job, to begin teaching in an inner city 
situation with children Trom a different ethnic background. Not only is it 
essential for sper:fi'- training to be give,, by the colleges, but the school 
systems also have the responsibility to provide a program of orientation 
supplemented by continuing in-service training. 

Not i'll persons ore so constituted mentally and emotionally that they 
can be succeseful teaching the inner city child. Along with the training and 
experience, there must be a strong commitment which, when present, can prove 
to be the most satisfying experience In teaching. A part of the training of 
the teacher in such a situation will involve specific training in making 
mathematics applicable to the needs and interests of the disadvantaged child. 
This question of the importance of teacher preparation is ejcpressed very 
succinctly by McC3o^ley in the following statement: 

"Many teacherc assigned to core city schools have had little or no 
preparation for working with impoverished children. . #mo8t teachers are 
too immersed in middle-class outlooks to teach disadvantaged children 
successfully. . .difficulties are accentuated when teachers with the 
least experience are assigned to slum schools and, more so, when super- 
vision is inadequate. . .in mar^ schools, hslf of the teschers are substi- 
tutes... to make matters vorse, teacher turnover in depressed area schools 
is exceptionslly high. In some, it reaches sixty-one percent each yesr. 
Short tenure decreases teachers* opportunity to acquire an understanding 
of disadvsntsged pupils. Adding to the dispsrities inherent in high 
turnover rstes, some competent teachers refuse to work in "undesirable 
neighborhoods," 



Th^ ' .rriculum 

Teachers ^till rely primarily on textbooks prepared for children from 
tnidd It; -class homes. Consequently, both the teacher and the child tend to be 
handicapped from the very start because the text deals with experiences and 
often describes* objects and situations that are foreign to the child of the 
inner city. Experience and experimentation both iiUdicate that in dealing 
with the disadvantaged child in developing mathematical concepts and under- 
standing, it is important to deal with objects that can be saen, touched,*^ 
handled, moved, counted. It is important that all children, and especially 
the disadvantaged, begin with concrete objects that can be identified verbally. 
It is generally accepted that considerable skill must be developed with con- 
crete and verbal identification before the child can be expected to move to 
abstract thinking. This relationship has meaning for the child throughout his 
raathematiCBl experiences. 

The work of Piaget suggests experiences that enhance intellectual growth 
which can be distinguished in three stages: 

"In the first and pre-school stage the child's mental growth consists 
mainly in establishing relatl^^aships between experience and action. 
In this preoperational stage the child's perception of objects is 
paramount, and often only one aspect is considered and all others 
ignored. If the same amount of liquid is poured into two similar 
bottles and then the liq\ild from one is poured into a tall thin bottle, 
the child will concentrate on height only and say there is more in the 
tall bottle." 

"A second stage, usually associated with the early school years of the 
child, is identified by Piaget as the stage of concrete operations. In ' 
this stage the child is not only active, as in the previous stage, but 
operational. He manipulates physical objects to represent things and 
relations in his mind, and uses the data for solution of problems. In 
this manner cognitive growth is linked with concrete objects. In per- 
forming concrete operations the child deals directly with ob^^ects and 
learns to make classifications and seriations. Concepts of substance, 
• weight, and volume are obtained in this stage. The child structures the 
immediate world. 



TIiaDT, SIDNEY W., Teaching the Disadvantaged Child . Oxford University 
Press, 1968. 
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"Buz, PJa^et o'bserves, the child woves to this stage (fornal operations) 
at about 11-12. Here, the child becomes capjible of reasoning, not only 
with objects and actions but with abstractions. The child uses rnent^jl 
dote by means of symbols. Thought goes beyond the Iminedicite reul world. 
Forrauliiting hypotheses and deducing all the consequences from them bcco'ue 
part of the cognitive power of the youth. Possible variables and their 
relationships are explored. In this manner his problem- solving activities 
are forwarded by the power of abstract exploration. 

"What has this to do with teacliing mtithematics in the public school 
classroom? Piaget has outlined a scheme of developmental patterns of in- 
telligence. When aligned with developmental structures of mathematics, 
the teacher can, in turn, select and teach basic ideas; and do this in 
:;uch a way as to pass from active exploration of concrete ob,5ects, to 
operation with concrete objects coupled with intuitive thought, to formal 
operation in the abstrsact for the same basic idea. The environment of the 
low-achieving child can bo mianipuluted to follow, even force, the natural 
development of cognitive skills."^ 

Some interesting experiments are being carried on throughout the country 
that subscribe to this general philosophy of learning. For example, in the 
City of Richmond, the School System is experimenting with industrial arts in 
the primary grades as a means of giving meaning to mathematical concepts and 
helping children to operate with the concrete, to verbalize what they are 
doing, and, hopefully, by the middle or upper elementary grades to move into 
abstract thinking. A program of relating mathematics to econotrdcs is also 
proving effective since children are usually motivated by acquiring, handling, 
and spending money. We need to remember that mathematics education is not an 
entity in itself, closely related to verbal and written expression, but the 
basic purpose of metheniatics is to help people to live better, to understand 
the world in which they live, and to become more proficient in making the 
right decisions. This means that the problems of mathematics teaching are 
related to the interests and abilities of the children that are being taught, 
and suriely children cannot adjust to and succeed in £. >'c/-ld of computers and 
trips to the moon without a growing understanding of -he role and importance of 
mathematics in giving meaning to life. 



^Ibid. 
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The i'r.pii cations of scieitCe and mtith emu tics in approaching the solution 
to some of our social problems should not be overlooked. This thought is 
expressed by John W. Grjrdner', former 3ecrotury of the U. S. Department of 
Health, Education and Welfare, when he made the following recommendation: 

"If we indoctrinace the young person in elaborate set of fixed 
beliefs, we are insuring his early obsolescence. The alternative is 
.to develop skills, attitudes, habits of mind, and the kinds of know- 
ledge and understanding that will be the instruments of continuous 
change..." 

F'^miiy Involvement 

The expectation of the home is still by far the strongest motivating 
■factor in the acadei.iic success of & child. This means that if education as 
a whole can have much chance of success, we must utilize the parents and the 
influence of the home in a two-pronged approach in order to achieve desirable 
goals. A number of cities, including Richmond, have some very far-reaching 
projects going on involving three-year-oMs, their parents, and the schools. 
In fact, experience indicates that if a -jhild doesn't get certain experiences 
as a th;'ce -year- old, it is difficuJt to, compensate for this lack of experience 
when he is six. And, of course, the family us o unit provides the most ideal 
-environment in which the child develops his first interest in numbers ond 
their meaning in his communication with others. 

Family planning of the use and value of money are important parts of 
mathfinatics education, and the school alone cannot adequately compensate for 
the lack of certain experiences in the home. The parents must be used ns 
partners in the enterprise, for education extends beyond the school. 

The Planning and Evai-iating Process 

Models of progress in other schools and communities can be very helpful, 
but each school and school system needs to develop its own prot:**am. Colleges 
and universities can and should be very helpful in this planning process. 

There are a few suggestions that I would like to make that relate to this 
plorvrving process as ve attempt to set up a program whereby mathematics plays 
an important and coordinated, rather tham fragmented, role. 

1. A school or comiminity needs to identify, isolate and define the 
problems, and then set goals* 
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2. Determine who should be involved in the planning of the program: 
teachers, principals, parents, pupils, university consultants, 3nd 
so forth, 

3, In setting up the program, identify preventative as well as correc- 
tive measures. 

Outline and describe the program, courses of study, acitivities, 
experiences, objectives. Be sure that such a well-defined program 
for the child includes his total development. Insure that mathe- 
rvTfltical concepts, skills, and understandings are prcmoted where 
feasij)le throughout the curriculum. In developing the program for 
slow- learning children, it is most important to develop the proper 
balance between the mechanics of arithmetic and arithmetical appli- 
cations, and reasoning. This very often has to be determined on an 
individual basis. 

5« Provide for built-in evaluation techniques for whatever program is 
set up. 

Conclusion 

I have attempted to emphasize the importance of mathematical education 
as a part of the total program with a close relationship to skills in language 
arts and comraunlcation. I have emphasized the importance of the teacher as 
a person, a human engineer who has some understanding of the pupils that she 
teaches aa well as the subject matter. We discussed the kind of ciirriculum 
that would have rueanlng for the inner city child with materials, objects, 
activities, and experiences that have particular meaning for children at 
thfft stage of their growth, development, and background. It was noted that 
in developing the curriculum, it is particularly important to utilize the 
best that we know about how children learn and to recognize the desires, 
interests, and motivations of the inner city child. Parents and othei* edu- 
cational forces play an important role in developing or retarding mathematical 
skills. 

j^inally, we talked about a process of planning whereby we identify ihe 
needs of children in a particular school, and Involve parenta, pupils, teachers 
psychologists, consultants and other resources in the community that would be 
helpful in developing a program geared to the needs of the particular children 
to be served. And It was also stressed that in the process of planning, it 
is essential to weave In a program of continuing evaluation and reorientation 
in terms of the progress made toward the achievement of the agreed upon goal. 
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It is very important in working with a child of the inner city for both the 
child and the parent to understand not onl^' what is being done, but also why 
it is being done. This serves as a part of \*;he motivating force that can open 
new doors of opportunity to the inner city ch;lld. 

Much of wh^t has been said here seems to have been directed towerd the 
child in the early years of his development, because, hopefully, if the proper 
programs can be developed, we would no longer be dealing with large numbers .of 
children who are disadvantaged because of environmental inadquacies as they 
reach the higher levels of education « Perhaps the greatest challenge to all 
of us is the training of teachers who have some understanding of inner city 
children and who are motivated by a desire to help the inner city child create 
an image of himself that is consistent with his ability, but one that tran- 
. scends the boundary of ghetto frustration because of the new avenues of oppor- 
tunity that are available to him. In today's world, mathematicB must i)lay an 
important role in helping the disadvantaged child to find himself and to acquire 
the ability to read the maps that point the way to avenues of success. 



SUBVEr OF PROJECTS 

Li:ureii G. Wcodby 
•lichigjjn State University 

Because of fflj' intense interest, I welcotned the invitation to survey pro- 
jects concerned with thi:^ problem in nuithematics in inner city schools « It 
has been rny privilege to be involved, to varying degrees, in inany ol" these 
projects, and in fact, during this current year I utn on iGuve from Michigun 
Stute University, working on the Tri-Universit> Project at New York University. 
This project is concerned with the training of eletnentury teachc-rs for inner 
city schools. Wc are working in P.S. 68 in Harlem, which is about as inner 
city as you can get. 

Some historical perspective for this conference can be achieved by looking 
at three previous conferences that were concerned with some of the sa"- e prob- 
lems. These conferences were 

1. the Conference on the Low Achiever in Mathematics held in Washington, 
D.C. on March 25-27, 1964, sponsored Jointly by the United States 
Office of Education and the National Council of Teachers of Mathe- 
(natics, 

2. the Conference on Mathematics Education for the Below Average 
Achievers, held in Chicago on April 10-11, J9^h, sponsored by the 
School Mathematics Study Group and funded by USOE, and 

3. the Conference for State Mathematics Supervisors on Programs in 
Matheirtatics for Low Achievers held in Charlottesville, Virginia, 
December 4-9, 1969, sponsored by the Association of State Super- 
visors of Mathematics (ASSM) and funded Jointly by the National 
Science Foundation and USOE. 

The reports of these conferences are relevant to this present conference. For 
example, the USOE report recommended the establishment of research and develop- 
ment centers, with one area of study to be the preparation of teachers fcr low * 
achievers. More than half of the twelve pages of SMSG recommendations con- 
cerned city slum areas or segregated Negro schools. A general policy recommen- 
dation was priority for a long range approach beginning in pre-school or in 
primary years. Both actioii programs and research programs were recommended. 
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Major talks at the ASSM Conference included report of the COLAMDA 
(Committee on Low Achievers in Mathematics - Denver Area), The Madison Project 
(in ]?hiladelphla),. the UICSM Under achievers Project (in Philadelphia), the Low 
Achievers Program (in Duluth), the Project for Bilingual Pupils (in Texas), 
the Drill and Practice CAI (computer assisted instructions) Program (in Missis- 
sippi), and Behavioral Objectives and the Slow Learner (in Baltimore County). 
A report will be out soon.* Conversations with Russell Phelps from NSF and 
Dexter Magers from USOE indicate that this was a most useful conference be- 
cause of the communication of ideas among the members of ASSM who are general- 
ly influential as far as mathematics curriculum decisions are concerned. 

Before examin:Lng specific mathematics projects for inner city schools, I 
want to mention two legislative acts (besides the NSF) that have had consider- 
able influence on ^:hese projects. The Elementaiy and Secondary Education Act 
(ESEA) of 1965 has had the most influence because of the amount of dollars 
allocated and also because of the intended benefactors— the disadvantaged. ' 
The second act is fhc Ef acation Professions Development Act of I968. Another 
act is California* H >f-- ;ate Bill 28, which provided support for projects in 
reading arvd mathemtttlcs for the disadvantaged. There are other legislative 
acts that exist, ajid there will be new ones in the future. But let's face 
this fact: current prospects are dim for the dollars that are needed. 

Three Major Projects - NSF Supported 

SMSG, UICSM, and the Madison Project are similar in that all three were 
initially concerned with mathem^itics curricula for children of average or high 
ability- -generally the college-bound. All three of these projects are now con- 
cerned also with problems of learning and teaching mathematics to inner city 
children. 

SMSG bft3;*in its Special Curriculum Project- -a pilot program on mathematics 
learning of cultur.ally disadvantaged primary school children- -to implement 
recomendi^tions of the April, 196*4- Conference. Disadvantaged children in 
kindergarten and first grade used existing SMSG materials in six large cities 
(Boston, Chicago, letrolt, Miami, Oakland, and Washington). Data were gathered ^ 
from teachers^ weeirly reports and from individual tests given at the beginning, 1/ 
middle, and end of the year. In the second year, three new centers were added 



Professor William C. Lowry, Director of the ASSM Conference, provided 
each participant of the SMSG Inner City Conference in Philadelphia a copy of 
this report, Progratas in Mathematics for Low Achievers . 
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(Austin, Charleston, and Chula Vista) and two centers were discontinued (B0;5- 
ton, Miami). An extensive testing program was carried out during this second 
year, (New textual materials were developed at the end of the first year and 
used beginning the' second year,) 

SMSG also did an exploratory study of very low achievers in a seventh 
grade class in 19^5-1966, and followed with a two-year study of veiy low 
achievers in ten seventh grade classes in the San Francisco area. However, 
these children were in middle class or lower middle class areas--not slum 
areas. The purpose of the study was to investigate the use of *'modern" 
materials, but at a slower pace for an experimental group of slow learners, 

UICSM is currently involved in a massive program for underachieving 
Junior high school students. The materials. Stretchers and Shrinkers, and 
Motion Geometry , were developed during the past six years and tried out ex- 
tensively with und erachi ever s especially from the ghetto areas. Goals are to 
improve attitudes as well as skills in problem solving capabilities. One 
feature of the UICSM effort is that teachers are given intensive training with 
the materials before try-out, and an orientation to pedagogical considerations 
of teaching inner city children, A major effort is now in progress to form a 
large number of two-person teams (consisting of a college person and a school 
system person) to provide inservice support for teachers in schools that imple.. 
ment the program.* Stretchers and Shrinkers is designed to give students an 
understanding of fractions, percent, and decimals. Rational numbers are 
thought of as operators on physical quantities. Motion Geometry develops the 
concepts through isometric motions. The four books are: (l) Slides , Flips , 
and Turns > (2) Congruence , (3) Symmetry , (h) Constructions, Areas , and 
Similarity , 

In PhiTadelphia this year, 22 , teachers are teaching this material to 
some 1700 students in 57 classes, . I- visited four of these classes. An 
analysis of test and other data will be made to determine progress in problem 
solving ability and computational skills of students involved. Attitude dif- 
ferences will also be studied. 

The Madison Project is active in the inner cities of New York; Philadel- 
phia, Chicago, St, Louis, and Los Angeles. The first inner city efforts of 
this project were in Chicago about 5 years ago. The pattern has been a 



This college/district team feature was also present in the SMSG Special 
Curriculum Project for inservice and consultancy. 
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summer vorkshop for teachers followed by inservice work vrith teacher c during 

the year by an experienced Madison Project coordinator. The I<ladison Project 

attributes much of its success in Kev York and Philadelphia (in contrast with 

results in. some of the other cities to the competency of the fnathemowica direc 

tore in Hew York and Philadelphia). Other positive factors mentioned jncluded 

cooperation and sympatliy './ith the aims of the Itodison Project as '^eil as 

success in identifying a corps of teachers vho have had experience \/ith the 

Project to train other teachers. Even so, the Project views these results as 

only moderate against the magnitude of the problem, stating, "New York is so 

large that even this magnificent effort is but a drop in the bucket and the 

vast ma.iority of teachers in the city of New York has not been affected at all 
fi 

USOE Supported Projects 

The Title III (ESEA) program is intended to assist school districts to 
develop model programs that demonstrate workable solutions to educational 
problems. Projects supported were to be innovative supplements to regular 
programs. Since this program has been in existence for h years, I spent 
considerable time trying to find some of these projects that are relevant to 
this conference although this Title is not aimed at. inner city problems. In 
the morass of reports, two studies seemed to me to be most useful for this ' 
survey. The references are in the bibliography. The first is the disserta- 
tion by Norman Hearn on the continuation of programs after the termination of 
3-year Title III grants. The most surprising information was that 92^ of 
the 250 projects studied were continued after the grant was terminated. 
Innovative projects tended to be continued. Of the 28 projects that were 
rated "innovative", ail were continued following termination of the grant. 
However, only one of these was a mathematics program, and it was not inner 
city. The other study is a report on Title III Projects in Elementary School 
Mathematics , prepared by Edwina Deans, and nearly ready for publication by 
the USuE. Projects involving the use of video-tape, individualized instruc- 
tions, and CAI predominate in this report. 

Two Title III projects in CAI are of special interest to us in this con- 
ference. One is the CAI program in McComb, MissisBippi, which was also re- 
ported on at the State Supervisors Conference two months ago. The project 
began in the summer of I967 whrm 20 teachers from McCorrib participated in a 
k week workshop at Stanford, They became familiar with the drill-and- 
practice program, learned to write behavioral objectives, and g&ined experienc 
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with lessons at the teletypewriter. In I968-69, 81 additionrl teachers from 
McCorab were trained. Preliminary results indicate that the CAI system in 
mathematics is effective in teaching skills as a supplement to classroon in- 
struction. In addition, Mr. J.D. Pi'ince, director of the project, points put 
in his cost analysis of the system that an effr-ctive cost of between I5 and . 
25 cents per student hour can be achieved. In his paper for the A5SM Confer- 
once, Mr. ftrince states: 

"This type of CAI program has particular re^evt'nce to current needs In 
providing instruction for the disadvantaged chili. Gaps in achievement between 
populations of the disadvantaged. . .and other children can be narroved, although 
"he technique iimy not prove of value in all individual cases*" 

The other Title III project in CAI provides drill-and-practice lessons in 
mathematics for some 60OO children in 200 classrooms at i6 school sites 
incthe five boroughs of New York City. The effectiveness of the program will 
be studied by a comparison of schools in .the prefect with control schools on 
pre-test and post-test scores on the Metropolitan Achievement Test. You will 
have a detailed discussion of this project by the Director, Mr. Mendelsohn, 
in the next session. 

Central I ova Low Achiever Mathematics Project (CILAMP), is a Title III 
project of the Des Moines Independent School District. The project began with 
a 3 -week suimner workshop at Central College in I967 in which 30 teachers pre- 
pared several instructional units for low achievers in junior high school. 
Inservice training* was continued through Drake Uiiiversity during the following 
year. In the sunmer of 1968, a group of low achj.eving junior high school stu- 
dents attended summer school along v.lth the teachers in the project. Materials 
were developed and tried out in six classes. .Inservice work continued during 
1968-69, and in 1969, ten project teachers- were selected to organize the. 
material on Ratio and Proportion, Measurement, ^ole Numbers, Decimals, Sets, 
Fractions, and Factoring. Sixteen units are aveilable. A total of 58 teach- 
ers from 33 schools in Iowa were participants. About 275 teachers have 
participated in the dissemination workshops. Five outcomes are reported: 

1* teachers have developed an interest in teaching low achievers; 

2. teachers are using a variety of strategies; 

3. student interest in mathematics has increased; 

h» student achievement is at the expected level or higherj 

5. most teachers are adapting available material (including CIIAMP's) 
to fit the ability and interest of the child. 
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At this time, I would like to quote a statement appearing in the Bulletin 
of the National Association of Secondary School Principals (April, I968): 

"Fear of mathematics and a distaste for any computation or for the 
kind of analytical thinking that typifies mathematics." 

This characterization of the slow learner is from the article by Euth Hoffman 
of the University of Denver, In this article, she comments on the Jefferson 
County program in senior high mathematics, the Los Angeles Special Projects, 
'the University of Denver Workshop, Paul Rosenbloom's Concepts and Applications 
of Mathematics Program (CAMP), and some other projects for low achievers. She 
points out that a mathematics laboratory of some kind was an element common to 
programs for low achievers throughout the country. Other common elements she 
listed were: 

1. the use of calculators to help the student fin4 his pattern of error 
in cotnputation and to enable him to get past computational blocks; 

2. the use of many manipulative devices such as the abacus, Cuisenaire 
rods, and geoboards; 

3. the use of games, puzzles, and other motivational techniques-; 

the use, where possible, of remote terminals tied into computers lor 
cornputer-aided instruction. 

Dr. Hoffman is director of a current project at the University of Denver, 
a special training program for returning Peace Corps workers for teaching the 
disadvantaged and low achievers in mathematics. Grades 7-9> in the Denver 
Metropolitan Area Schools. 

/ 

Begional Educational Laboratories . ■ 

The Regional Educational Laboratories which were established four years 
ago under the provisions of Title IV of ESEA, have had some influence on 
mathematics education in inner cities. For example, the Michigan-Ohio 
Regional Laboratoiy supported the Cleveland Mathematics Laboratoi^*" Project for 
Low Achievers in 1967. I shall describe this briefly, and from a biased point 
of view, beciause I was the Director. The project was a pilot exploratory 
effort to learn something about training Junior high school teachers to use a 
laboratory-di scoveiy approach with low achieving students in a ghetto school. 
Two teachers were released from their usual schedule, moved to a' room where a 
wide variety of instructional aids and materials were available, and encouraged 
to use a laboratory approach in teaching >two classes of 20 students each. 
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They were given extreme freedom to develop their o\m ideas and to make deci- ■ 
sions. They were isolated from local supervision and furnished outside con- 
sultant support. Evaluation of the attitudinal changes of the two teachers 
and of the students was done by an outside agent. The outcomes were princi- 
pally in terms of the changes that took place ±n the attitudes and behaviors 
of the two teachers, the insights gained by me and toy. colleagues, and two pro- 
jects that resulted, in part, from that pilot project. 

The fir t of these projects was the Grand Rapids Mathematics Laboratory 
Project , in which 30 junior high school teachers, mainly from inner city 
schools, learned how to use laboratory approaches to mathematics in a labora- 
toiy setting, tiying out these techniques in their classes during 1967-68. 
The project was funded by NSF and sponsored by Michigan State University. The 
second project, which is related, is the Cleveland Remedial Mathematics Project , 
one of fourteen separate Title I (ESEA) projects in the Clevelancl Public 
Schools. This remedial mathematics project is for children in Grades 3 to 6 
in high poverty areas who are at least one year below grade level in mathe- 
matics. Thirty-one selected elementary schools have added a teacher, called a 
mathematics consultant, in each of these target schools. This teacher's 
responsibility is to teach some 60 low achievers in mathematics in small 
"groups of about 10 each. The essential features of the program are: 

1. the 31 teachers are much better than average; they asked for the 
assignment, they related to the children, and they have a special 
inservlce program; 

2. there is much individual and small group instruction; 

3. much use is made of counters and other manipulative materials (e.g., 
Dienes blocks are available in each classroom); and 

If. parents are involved through home visits by the consultants. . 

■ In the classes visited, the excitement of success by the children with 
mathematical, activities was most noticeable. Evaluation by means of achieve- 
ment test scores shows relatively high gains made, by the children. The 
interesting question is, "What factors caused the gains in achievement?" 

Mathematics for Inner City Teachers and Students 

This project began at Michigan State University in the summer of 1969* 
It is funded jointly by three agencies: NSF, USOE, and the Center for Urban 
Affairs. Fifty-five teachers, mostly in junior high schools, were on campus 
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for seven weeks, and I30 students from Grades 8-12 were on campus for six 
weeks. The teacher did three things: 

1. 'studied mathematics in classes (? were offered)? 

2. spent two hours per week in a aiathematics laboratoiyj and 

3. participated in a special seminar concerned with psychological, 
sociological, aiid historical aspects of inner city education. 

The project is directed by Professor Irvin Vance in the mathematics 
department, and there is a heavy commitment on the part of the senior staff 
in the mathematics department at the Michigan State University. Twenty-four 
special classes were taught by mathematics professors for student participants 
in the I969 summer program. 

One feature of this project is the agreement with the schools for staff 
members of MSU to work with participating teachers in their classrooms during 
the current school year. This follow-up also often involves other teachers in 
the school. Nine school systems are involved: Jackson, Grar.J Rapids, Battle 
Creek, Lansirijg, Muskegan, Saginaw, Pontiac, Ecorse, and Inkster. Three gradu- 
ate students are working full-time on this project, each assigned to three 
cities. Plans are for I8O students to be brought to the MSU campus during 
the summer of 1970, but for five weeks only, because of limited funding. 
Level of support i« $200,000. 

The Center for Urban Education (CUE), located in New York City, is one 
of the Regional Educational Laboratories. Since the primary focus of this 
laboratory is on urban problems, and since I am working with interns and 
teachers in P.S. 68. in Harlem, I visited CUE to look for mathematics projects. 
ify own worm's eye view had led me to believe that practically nothing was being 
done to improve mathematics education in the inner city, and my visit to the 
Center for Urban Education confirmed this first impression. 

One exception is an intense effort in one elementaiy school. The Center 
for Urban Education has contracted with Schools of the Future (Caleb Gattegno 
and his co-workers) for a two-year effort in P.S. 133 in Harlem to work with 
interested teachers and demonstrate pedagogical techniques as well as materials. 
Cuisenaire rods and geoboards are central to the mathematics program; I visited 
P.S. 133 and found that the acting principal and some teachers have high posi- 
tive attitudes about the changes that are occurring in that school. I also 
visited Schools for the Future and discussed the program with the three full- 
time consultants in P.S. 133 • Since participation by a teacher is voluntary, 
the fact that in 1969-7O there are 22 teachers participating (compared to 
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11 teachers a year ago.) indicates acceptance by the teachers. In addition to 
a weekly seminar after school, there are six weekend seminars held at the 
Schools for the Future. 

The Director of Mathematics for the New York Board of Education, George 
Grossman, recognizes the effectivene^js of Gattegno*s work with individual 
teachers and children, but doubts that there will be much sx)rcad to other 
teachers and to other inner city schools. His approach is to concentrate on 
the training of key teachers. Emphasis is on the problem, "How children learn" 
A major effort has been made in experimenting with mathematics laboratories, 
and therf* are signs of extremely effective, though sparse, pockets of excel- 
lence. 

Project Beacon Training Program 

ThiS' is a fellowship program at Yeshiva University that has been in opera- 
tion for six years. Support was -originally through NDEA., but this current year 
by EPDA. I visited the Dir.ectorj^'/Dcwtey Wilkerson, and Dr. Julian Roberts, and 
also sat in on a seminar with t^Q \lS interns. 

The aim is to prepare the teklSfiers to work with socially, disadvantaged 
children. Premises are: 

1. children in urban slums are characterized by a wide range of 
individual differences; 

2. their academic retardation is a function of social conditioning, not 
of biological inheritence; 

3. the academic handicap can be minimized through appropriate curricular 
experiences; ; 

in order for teachers to develop "appropriate curricular experiences", 
the teachers need to be equipped with special theoretical insights, 
attitudes, and classroom skills relevant to the special learning 
problems; 

5. the professional equipment needed can be developed by a program of 
relevant studies and field experiences; 

6. on the pre- service level, liberal arts graduates who evidence genuine 
interest in working in depressed area schools are good prospects. 

. The program- consists of three broad seminars (exclusively for the interns) 
in psychology of human development and learning; social organization and pro- 
cess; and curriculum and instruction. Special workshops and special seminars 
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supplement these three seminars. The interne are assigned to slum schools 
for four weeks, then return to the university for four weeks. 

Evaluation criteria are: 

1, the extent to vliich graduates of the program obtain positions in the 
slum schools; 

2, the quality of their performance in such schools; 

3, the assessment of student performances by their classroom teachers 
and internship supervisors; 

h; the appraisal of Beacon trainees 

a* during the year of training, and 

b. during the first year of employment. 

Evaluation results are used to change procedures. For example, in I966, the 
course "The Teaching of Reading" was considered inadequate and irrelevant. 

There is a skillcenter approach with a heavy emphasis on reading and 
literacy skills. Briefly, the approach is to provide pupils the opportunity 
for children to engage in self -directing and self -correcting learning experi- 
ences which integrate reading with a highly motivational science experiment. 
The procedure involves three tasks prior to carrying out the experiment: 

1. reading an Introductory paragraph; 

2. vocabulary development; 

3. reading the directions. 

After doing the experiment, ancther task is to write a descriptive para- 
graph of what he did. One example given was the making of a kaleidoscope. A 
second example is: "How can we measure very large distances?" Children do an 
experiment with indirect measurement using a simple static device. 

Project Beacon is being evaluated by an outside group. The people I 
visited feel they are making a difference. Even though the project will not 
be funded by USOE next year, it will continue with University funding. 
own assessment from reading the reports and talking with the participants, is 
that the teachers turned out are prepared to cop« with the problems they will 
face in inner city schools. Tney nave a Peace Corps type of personal commit- 
ment for working .with people. I do not think t^at they are adequately pre- 
pared in mathematics. In ay opinion, the effe- of this input of some 15 
teachers of this type is significant, even when we consider that there are 
30,000 elementary teachers in the New York City schools. 
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Research for Better Schools 

Research for Better Schools ^ a regional educational laboratory which is 
located here in Philadelphia, has for the past four years been engaged in a 
major effort of field- testing and dissemination of the program. Individually 
Prescribed Instruction (iPl). This program was developed at the University 
of Pittsburgh's Research and Development Center in the early 1960's. The six 
elements of IPI that distinguish this system from conventional school proce- 
dures are: 

1. detailed specification of objectives; 

2. organisation of materials to attain these objective?; 
3« determination of each pupil's present competence; 

h, individual daily evaluation and prescription for each pupil; 

5» provision for frequent monitoring of performance; 

6. continued evaluation and strengthening of the instructional pro- 
cedures* 

If we assume that the tentative evaluation results are valid, we must 
consider the potential of IPI for application to some of the problems of 
mathematics instruction in the inner city. At the present time, very few 
inner city schools are involved. The growth of the IPI program has been very 
rapid — from 13 schools and 1^-000 pupils in 1966-67 to 175 schools and 
50,000 pupils in 1969-70, IPI will likely expand to 26^^ schools and 75,000 
next year. 

Another individualized learning program, PLAN, was announced Just a month 
ago, PLAN, created by Westinghouse Learning Corporation and American Institutes 
for Research, is computerized, and great claJ.ms are certain to be made for its 
effectiveness. This year, 63 schools and 9>000 stuc^ents are participating, 
and the number will quadruple next fall. 

Brief mention is made here of a group of projects supported by Senate 
Bill 28 in California. The projects were for disadvantaged (but not necessarily 
inner city) children, and were restricted to mathematics or reading. I visited 
with Professor Robert Heath at the Stanford Research and Development Center, 
read some of the reports of these projects, and discussed with him his evalua- 
tion of the projects. As an illustration, 57 seventh and eighth graders in 
the Richardson Bay School in Sausalito were given individual and small group 
instruction to overcome weakness ifl basic skills. One interesting feature was 
that about half of the Junior high participants taught fifth or sixth grade 
classes to develop self-esteem. 
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In Lc;s Angeles, the I^athenaticc Deriionstratlon Center vas built, and its 
use implemented with Gtatc I'undc. 

Project SEED (Special Elementary Education I'or the Disadvantaged) under 
the direction ol" William F. Johnti:, University of California at Berkeley, is 
unique in several \vays. It is funded by a cpecial act of trie California State 
Legislature; University mathematicians and graduate assistants teach the 
children; the "culture-free" quality of raatheratttics is applied and somehov, 
the ghetto children "believe in" this idea and seems to thrive cn abstract 
thinking with lots of symbolism. Johntz has the ability to get children to 
relate to him and his approach. The teachers also seem to develop a total 
commit men t to the learning process as an exciting disco veiy cxpei-ience that 
is different from most school activities. 

Just three days ago. Bill John 1 7. gave a demonstration with a fifth grade 
class in P.S, 68 in Harlem. It was a pretty convincing demonstration of his 
theory that disadvantaged elementary school children can succeed with abstract 
conceptually-oriented algebra. when presented to thetn by a person well-trained 
in mathematics, using the discoveiy method. He worked with the class in their 
ov.'n room for about a half hour, then worked with them on the stage in the school 
auditorium. His lesson was on operations, and the children were able to do 
2 EXP 3, for example. The highlight of the demonstration, to me, was the 
response of a child that 9 ^XP i was a number. The class ended with a dis- 
cussion of v.'hether ^ EXP 0 was 1 or 0. They were using variables, for 
example, y EXP (r + z) = y EXP r • y EXP z. 

Features of his project are: 

1. the specialist teacher iipst be \'ell-trair\ed; he recruits mathemati- 
cians from universities (both faculty and graduate students) and from 
industry. Seven out of ten specialists are research mathematicians; 

2. there is a full time commitment of day-to-day teaching at least four 
days per week; 

3. the discoveiy approach is used; 

^. pro;Ject teachers meet weekly for two hours to discuss their teaching; 

5. the regular classroom teacher is always in the room; 

6. the Project teaching is a supplement to the regular mathematics work. 

Johntz believes that mathematics is a "culture-free" mental discipline 
that has little or no relationship with socially-oriented subjects taught in 
the elementary school. It calls for pure intelligence, not social adjustment. 
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His fu!idatn« ntal goal is to raise the scll'-irnage of the disadvantaged student. 
He believes that the single most important cause of low achievement of the 
disadvantaged child is his lack of fnctivation due prirnari^ly to his negative 
self-image. Johntr. "believes that most compensatory edueation programs have 
two faults: 

1. the "triorc and better of the same" syndrome In which the same tea- 
chers, hlth the same attitudes, and the same methods, teach the same 
content; 

the remedial nature emphasizes the students* past failures and 
further negates his self-image. 

At the Uriiversity of California, SEED has top priority in the urban 
crisis package. The Graduate Community Teaching Fellowship program expressly 
permits e third category of graduate student support. Under this program, a 
student may be paid as a teaching assistant or a research assistant, but 
teach disadvantaged children in a local public school district. 

There is no set curriculum, but topics usually included by the specialist 
teachers are: open senter.ces, operations defined on real numbers, ordered 
pairs, graphing, sequences, functions, intuitive geometiy, raathetnatical systems. 

Johntr, believes in absolute freedom to think and learn. He insists on 
strict discipline so that every child can hear what is said. Control is essen- 
tial because ghetto kids look upon permissiveness as undesirable. He thinks 
that the teacher gets through to the kids best in a firm but free atmosphere. 
They get the message "that you care" and "that you are not a fake". 

The Innovation Team, Model School Division 

The "Innovation Team" is a group of fifteen helping teachers organized 
into sub-teams to vork in the Model School Division (MSD) in Washington, D.C. 
There are fourteen elementary schools, three high schools, one vocational 
school, and the Cardozo High School. However, financial support for the pro- 
ject is from the Educational Development Center, the Regional Education Labora- 
tory In Massachusetts. This feature of building isolation from the D.C. 
schools may be one of the reasons for the unusual success of the Innovation 
Team. The innovation Team is a part of EDC's Pilot Community Program. 

The Model School Division began in 196^ as a model sub-system of the 
D.C. schools to experiment across the board in an attempt to improve the 
quality of instruction. In order to report accurately the nature of this 
pi'oject, I obtained a copy of Au Evaluation of the Innov6.tion Team Program. 
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in the D.C. Model School Division . This thorough study was done by an outside 
agency (the Washington School of Psychiatry) and published in September, I969. 
Incidentally^, this study would be a useful source for any agency (e.g., SMSG) 
contemplating or planning a project for inner city schools. 

Briefly, the fifteen team members were selected from MSD. The two 
criteria for selection were: special training in at least one subject; and 
successful use of some trial unit in the classroom. The two functions speci- 
fied were to coordinate programs and to support instructional programs. Notice 
that the role was not to initiate innovations. Its operational goal was to 
"make things possible for teachers". The Team was to be a facilitating unit: 
arrange workshops and provide support. in the classroom. One important agree- 
ment was that the classroom teacher decided when and how she will make use of 
the Team member. 

During the first year (1967-68), Team members had visited a majority of 
the teachers in the fourteen elementary schools at least ten times. These 
visits were primarily in response to varied teacher requests, to teach lessons, 
or to demonstrate the use of materials, or to deliver supplies. In the second 
year, there were seventeen mathematics workshops with an average of twenty- 
three teachers attending. 

Some selected comments from the findings of the study are: 

1. Staff development has aimed at improving instructional methods and 
procedures. Emphasis is on activity and discovery-oriented approaches 
to learning. 

2. Classroom support included supply and delivery of a large variety of 
materials. 

3. Although most principals would like to have control over and responsi- 
bility for the Team, the evaluation team's opinion is that the Team 
menibers can function better without being stationed in the schools 
they serve. 

From the Innovation Team, 

"Support is the development of positive teaching- learning methods* But 
it is more. Support is a warm feeling of communication— two-way, of 
course. . .Support is a form of on-the-job training. The whole process is 
one of internal growth and change which is brought about only when trust 
exists." 
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This situation in the MSD in the D#C. schools contrasts sharply with the 
situation in the schools in Harlem. There are literally so many different 
projects and programs going on at the same time, that the teachers simply don't 
know what the progratns are. The teachers do not seek out assistance. 

Colleges and universities are becoming directly involved with problems 
of inner city mathematics. For example, at the University of Illinois (Circle 
Campus, Chicago), there is a special Education Assistance Project . The mathe- 
matics department has developed a sequence of three special courses for dis- 
advantaged freshment to prepare them to continue in mathematics. The philosophy 
is to try different things and keep those that work. Programmed instruction, 
TV, films, and large lectures were tried out and discarded because they did not 
work. At present, small sections of 15 to 20 students taught by a selected 
professor with a teaching assistant, seems to be working. This program has a 
high priority in the mathematics department. 

A project which is now In the planning stage is likely to furnish useful 
information about teacher development. Professor Robert Hess of Stanford 
University is planning a survey of projects designed to train teachers of the 
disadvantaged. This research project will be supported by the Center for 
Research at the Stanford Research and Development Center. 

I call your attention to the program for the I97O annual meeting of the 
NCTM next month. In the planning session for this program, there was general 
agreement that teachers would like to know about special mathematics projects 
concerned with inner city problems, and a number of sections trw. >,i ngs has 
been scheduled with this in mind. 

Summaiy 

The more I learn about the problems of tnathematics education in the 
inner city, the less certain I am about solutions. I have come to believe 
that curriculum efforts, while necessary, offer relatively little hope for 
changing the situation that exists. I am convinced that our money and our 
efforts should be concentrated on teacher development, liy ultimate hope is 
that pre- service education will improve so that beginning teachers are equipped 
to go into ghetto schools with their eyes open. Meanwhile, we cannot wait; so 
in-service education efforts should have high priority. I agree with the state- 
ment o;" Paul Briggs, Superintendent of Cleveland Public Schools: "The plight 
of thousands of children in the inner city is the most serious domestic issue 
this nation has faced in the twentieth centuiy. If the schools are to be rele- 
vant in the days ahead, they must ad res s tHetaselves to this issue." 
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REACTIOH TO SUPVKT OF PROJECTS 

Jack E. Forbes 
Fjrdue University at Hanmond 

Professor Woodby reported on a wide variety oi" projects and programs for 
"inner city" students. Perhaps the most significant aspect of the report was 
the broad range of activities, approaches, philosophies, etc., represented 
among these projects. In terms of approach, they range frotn materials-oriented 
programs, to materials orientation with teacher training in the use of the 
materials, to teacher training programs which include training in materials 
selection. They include a program in which both teachers and students are 
inyolved in a summer residence program on a university campus. 

Some are "basic" programs utilizing instruction by the (perhaps project- 
trained) claSBroorn teacher. Others supplement basic instruction by the teacher 
either laterally through computer- monitored drill and practice or vertically 
through presentation of enrichment topics by teachers from the project. At 
least one project requires a total change in teacher role, with materials pro- 
viding the instruction while the teacher is involved in diagnosis and prescrip- 
tion. 

In content, the programs are equally heterogeneous--from one described as 
"tiy harder with what they've failed at before^ with the added factor of the 
genuine interest of a good teacher" to one with the philosophy, "no attempt at 
remediation will work— that simply emphasizes past failures". 

Although the projects described differ in many ways, there are common 
themes which appear again and again: 

Individualization of instruction 
Diagnosis and prescription 
Objectives-oriented programs 
Success experiences for students 
Student involvement in learning 
Student's self-image 
Teacher training and development 

Thus, some "sameness" of strategies and tactics does emerge out of otherwise 
divergent programs. Furthermore, one begins to realize that the common themes 
in these programs have relevance for the* education of all children. This, in 
turn, leads to a series of questions: 
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1. Is there a homogeneous group of students who are "inner city 
children", with educational goals and needs that are essentially 
different from those of non-inner city children? 

2. Does the term "inner city children" connote slow learners? low 
achievers? culturally disadvantaged? culturally different? 

If the answer to Question 1 is "No" and to Question 2 is "Perhaps any of 
these, and much more" as I believe is the case, then one must ask: 

3. Were all of the projects reported in this paper directed at the 

same group of students or does "inner city" have different connotations 
in the titles of different projects? 

It seems that most projects characterize "the inner city child" as one 
with rather severe learning problems in mathematics. These problems are 
variously ascribed to cultural deprivation, cultural difference, individual 
lack of ability, societal conflicts, etc. If it is the set of students who 
exhibit problems in learning mathematics in which we are interested, it is 
important to note that this neither includes nor is included in the set of 
all "inner city" students! Furthermore, it should be noted that the factors 
which we (perhaps tacitly) identify as "causes" will influence the choice of 
strategies used in dealing with the problems exhibited by the students. It 
is my conjecture that haziness in the areas of identification of the student 
'to be aided and of the causes of his learning problems is the basis for the 
broad range of sometimes contradictory strategies exhibited within the various 
projects. 

For the purposes of this discussion, let us make a very limited defini- 
tion of " the inner city child". We assume he is of the inner city as well as 
in the inner city. That is, he reflects both the life Style and value system 
of the area in which he lives. He is probably non-white. He is poor. His 
environment contains many threatening factors.- He views all aspects of ex- 
ternally imposed authority as among these threatening factors. He is likely 
to view some group of peers as his "family" — the streets as his "home". Now, 
there are some obvious observations we can make about the education of this 
inner city child. 

1. Methods used to evaluate ability, designed for use with children 
quite different from the inner city child are not valid for use 
with him. 
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2. Since his life style is less formal than that expected by the 
traditional school setting, this setting tnust be modified if it is 
to efficiently mediate his learning. If functioning successfully 
within the traditional setting is a goa_l of instruction, then it 
should be defined as a goal, not as a "technique of instruction", 
and activities designed to achieve this goal should be included in 
the o vera 11 i n struct! on , 

3. Since his environment puts a premium on action as opposed to verbali- 
zation; this must be recognized in planning his instruction. He is 
likely'^to be quite skilled at perception and to have extensive 
experience in solving "real life" problems. 

h. It cannot be assumed that either the reward structure or the schedu- 
ling of rewards which are appropriate in traditional settings will 
work with him. 

"5. It is false to assume that his environment puts no premium on learn- 
ing. However, the learning induced by the environment is not 
necessarily supportive of, and may be negative toward, traditional 
in-school learning. If the school cannot make its learning rele- 
vant to the out-of-school learning of the child, he will most surely 
opt for the out-of-school learning which facilitates immediate 
survival as opposed to the "long range" rewards (which he may have 
reason to doubt!) of in-school learning. 

6. It is likely that his life style includes irregular attendance at 
school. Hence, there is no choice but to individualize (or rather 
recognize his individualization of) his instruction. Furthermore, 
there is no choice but to provide him with experiences which he per- 
ceives as successful, for otherwise he will not engage in the learn- 
ing process. He has "better things to do outside" than to be continu- 
ously frustrated inside the school. These, in turn, imply the 
necessity for individual diagnosis and prescription, and this is 
possible only when based on well-defined objectives for the instruc- 
tion. Thus, many of the recurrent themes mentioned in regard to the 
reported projects seem essential characteristics of programs for this 
child. 

7. Teacher development is a key factor in any such program. However, 
content training is probably of little importance relative to train- 
ing in modes of class conduct, diagnosis of learning needs, management 
of a variety of instructional materials and devices, and to establish 
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attitudes and behaviors vhich will allov the teacher to communicate 
with the child. It is quite likely that not all who cannot success- 
f\illy teach some children can teech these children. Thus/ study is 
needed in regard to the process of selecting teachers for inner city 
children. 

In considering programs for the mathematical education of inner city 
children, ve must be realistic. Fimds to support such projects are, as 
Professor Woodby reported, limited, and this situation is not likely to 
improve. Furthermore, iXinds to implement detnonstrsbly successful projects 
on 0 brood scale are, and will continue to be limited. Therefore, our emphasis . 
must be on "rcjasonable" projects which, if successful, can be implemented in 
existing schools with existing teachers within existing budgets. 

We must also consider the possibility that no program in mathematics 
alone can have more than limited success. Perhaps we must initiate programs 
in conjunction ^-rith other subject matter areas. Perhaps no manipulation of 
instructional variables in one or many content areas will succeeed without 
major changes in administrative personnel and practices within inner city 
schools. Finally, we must consider the possibility that we are "out of step" 
in attempting to improve the education of the inner city child. Perhaps a 
majority of society has a vested interest in providing limited educational 
opportunities for some easily identifiable subset of the population. 

Even with the limited definition of "the inner city child" which we have 
used, the unanswered questions ere maiy. Vfith a more realistic definition, 
more questions- arise. In finding answers to thetu, we will no doubt discover 
ways to improve mathematics education for all children^ 
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ONE STATE EDUCATION DEPAKTICTT'S ACTIVITIES CONCERNED WITH 
IMPROVING MATHEMATICS EDUCATION IN THE INNER CITY SCHOOLS 

Melvin Mendelsohn 
Board of Educution of the City of New York 

Jatnes E. Allen, Jr., U.S. Coinmisnloner of Education, stated ut a news 
conference on May 27, 1969: "The basic priority in U.S. education is to 
raise the level of those children who now are caught belcw minimiun levels of 
competence. This is a critical area," 

Mathematics educators have the responsibility to provide a compensatory 
mathematics learning program, kindergarten through grade 12, for that large 
group of students, throughout the country, working below grade level in basic 
skills. 

Results of the mandated Arithmetic Tests for New York Stute Elementary 
Schools indicated a need for a re-evaluation of mathematics instructional 
programs and services offered in our schools for educationally disadvantaged 
students. The extent of the problem is reflected in the following table. 

Percentage Of Piipils Below Minimum Competence* 
In Mathematics, Grades 3 and 6, In Selected 
Cities in Now York State - 1968 



PercentJ.ge of Pupils Below 
Minimum Competence 



City 


Grade 3 


Grade 6 


Albany 


22 


22 


Buffalo 


30 


27 


New York 


. 51 


h9 


Rochester 


^9 


35 


Syracuse 


19 


29 


{^Minimum Competence - Below the 23rd percentile 
on the New York State Pupil Evaluation Program 
Tests) 



The significant percentages of grade enrollments below minimum competence 
levels across the State directed the State Education Department to plan 'and 
implement federal and state aided progratns in mathematics education. These 
programs would allow us to begin to cope with the serious problem of low 
achievement in .nathematics, for large numbers of our educationally disadvan- 
taged students. 
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On September 30,, 1965^ an additional position was added to the staff of 
the Bure&u of Mi^thernatics Education. The primary function of this position 
was to pro\dde consultation and assi?3tance to school syste:n6 in New Yori? State 
in the formulation und operation of program proposals in mathematics education 
upxler various federal and state grant programs, make recoimnendations for 
approval or disapproval of submitted proj.ects, and conduct evaluation of 
operstionsl programs. 

On March 17, 19^7, the Bureau of Mathematics Education sponsored a con- 
ference, in Albany, with the theme; Low Achievers In Mathematics . The con- 
ference had four main objectives; 

li, to Identify the mathematics curricula being developed and implemented • 
for mathematically disadvantaged students; 

2. to consider approaches to the problem of in-service and pre-servics 
education for mathematics teachers of low achievers; 

3» to identify types of research studies being carried on in the field 
of lov achievement in mathematics; and 

h, to describe ongoing Title I, ESEA projects in mathematics. 

On December 1, 1967> the Bureau of Mathematics Education sponsored a 
second conference in Albany, with the same theme: Low Achievers in Mathematics . 
It had three main objectives: 

1. to describe the cognitive development ond learning style of mathe- 
matically disadvantaged children; 

2. to discuss the utilization of standardized tests in evaluation of 
mathematically disadvantaged students; and r-; 

/ : 

3» to identify meaningful and concrete instructional te^niques geared 
to low achievers in mathematics. 

Invitations to both conferences were extended to leading mathematics educators 
from the city school districts of New York State. 

Two major presentations have been delivered concerning mathematics edu- 
cation end the disad'vantaged . Developing Mathematics Programs for the Educa - 
tionally Disadvantaged was a presentation delivered in Syracuse, Massena, 
and Rochester in October 19^5 j -«pril 1966, and May 1967, respectively. 
Following is a summary of the presentation. 
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As mathematics teachers and educators it is our mandate to provide a 
comprehensive mathematics program, K-12, for children at all levels of 
ability, and from various environmental strata. With federal and state 
funds as a tool we can now provide expanded and improved programs for 
the economically ^nd educationally disadvantaged child. Our responsibi- 
lity is to formulate ideas, and to develop, promote, and implement pro- 
grams concerned with the mathematics education of such educationally 
deprived children* 

After perusal and evaluation of approximately 500 mathematics projects 
submitted to the State Education Department for funding under various grant 
programs, a suggested format for such projects emerged. 

The development of a comprehensive mathematics project is constructed 
\dth the thought of the., project becoming functionally integrated into the over- 
all school program. 

Four general areas constitute a project format: evaluation, curriculum, 
teacher training, and organizational structure. Each of these areas is inter- 
related and developed in that context. 

Pupil evaluation consists of three phases: identification, diagnosis, 
and achievement. The first step is identification of the mathematically dis- 
advantaged. The'^U.S. Office of Education, in its pamphlet. School Programs 
for Educationally Disadvantaged Children , states it thusly: "Educationally . 
deprived children are children whose educational achievement is below that 
normally expected of children of their age and grade, ..." Extending this 
statement into a working definition are the following criteria in the State 
of New York for mathematical disadvantage: 

Primary grades (1-3) - below grade level achievement. 

Intermediate grades (^-6) - below grade level achievement of one year 

or more. 

Secondary grades (7-12) - below grade level achievement of two years 
or more. 

The' most commonly utilized standardized achievement tests in New York 
State at grades 1 through 6 are the Iowa Tests of Basic Skills (3-6), 
Metropolitan Achievement Tests, and Stanford Achievement Tests. In grades 
7-12 the achievement tests used most often are either the Iowa Tests of Basic 
Skills (7-9), or the Iowa Tests of Educational Development (9-12). The popu- 
lar aptitude tests in grades 7-12 are the California Tests of Mental Maturity, 
Differential Aptitude Tests (8,9), and Otis Mental Ability Test. 
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The New York Sthte Pupil Evaluu-tion Program (PEP) examinations, along 
with the st&ndardi^ed tests, service this phuce as well ac the other two 
phases of pupil evalUHtion. A list of the PEP mandated tests follows: 

Grade 1_ - New York State BeadinesG Tests (Arithmetic and Pcading) 

Grades 3 and 6 - Arithmetic Tests for Hew York State Elementary Schools 

Grades 7 and 8 - New York State Test in Mathematics (also given at grade 9) 

At the present time, the State Education Department is using an arbitrary 
minimum competence level, which is the 23i*di percentile, as obtained in the fall 
1966 Pupil Evaluation Program testing. This tidnimum competence level will 
remtiin the same for the next several years, so that school districts will be 
able to tell what progress has been tuade in reducing the nuinber of disadvantaged 
pupils. Theoretically, it is possible that there will be no pupils below this 
point within a few years. This point in the distribution, the 23rd percentile, 
was selected primarily for administrative reasons. It is high enough to 
include those pupils with significant educational needs aiod low enough to 
insure an opportunity to provide for corrective measures. It was also selected 
because it is the point which separates the third and fourth stanines, or 
achieveme..t levels as they are referred to in connection with New York State 
tests. With stanines, or achievement levels, the distribution of pupils' 
scores is divided into nine equal units. If a pupil obtains a score at level 
three or below he can be considered educytionally disadvantaged. 

After identification is diagnosis. The effectiveness of diagnosis 
increases in value as it passes from a mere locating of the places of diffi- 
culty to an analysis of the causes of difficulty. Test perusal and teacher 
observation are utilized in this phase. General areas of difficulty ore dis- 
covered by investigating test results, while the specific nature and analysis 
of the student's difficulty is determined by teacher observation. 

Teacher observation has few of the limitations of testing as to time and 
place. It imposes no unusual restrictions and exposes children to no unnatural 
tensions. Whereas tests are a description of 0 particular performance in a 
particular situation, informal observation can seize each instance of signifi- 
cant behavior as it occurs, along with the prior &nd accompanying behavior. 

The final phase in pupil evaluation is the determination of the student's 
level of achievement. In a pro,Ject, interest is focused upon the difference 
between achievement levels of the student at the beginning of the project year, 
and at the end of the pro^Ject year. A significant difference between pre- and 
post-test scores for most students tends to indicate a successful project. 
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Curriculum mtiterluls is the next isrou to be concidercd. Desired objectives 
are decided upon before any other work in this area is contempluted . The 
generul objective is improved performance in mi^thematics j £jnd the three specific 
objectives thet mathematics instruction strives for ure improvement of: compu- 
tational skills, muthemutical understanding, and problem solving ability. 
After the objectives are decided upon, curriculum m:iterials are developed. 

Current thinking on curriculum emphasis for educationally disadvantaged 
students leans strongly toward academic content. Many renown educators advo- 
cate this approach. Kenneth Clark, a Regent of the University of the State of 
New York, in his book Dark Ghetto , says: 

"The evidence ... seems to indicate that a child who is expected by the 
school to learn, does so; the child of whom little Is expected produces 
little. Stimulation and teaching based upon positive expectation seems 
■to play (an) important role..." 

Carl Hansen, ex- superintendent of schools of Washington, D.C., at a University 
of Detroit Symposium on the low achiever, said: 

"The primary responsibility of the formal educational systems of the 
country is to prepare for intelligent beha^/ior, ... We are saying that 
every child — the slow, the average, and the bright --.is capable of 
responding to grov.'th in mental discipline, and that our responsibility 
is to discover the technique ... by which it will be possible to use ... 
the rational processes of his mind." 

These two quotes focus in on exploring techniques and positive identification. 

The materials provide for the development of mathematical understandings 
for vocational competence. Opportunity for success is a major aim in the 
design of materials. To achieve this success, the learning materials are 
graded in content to meet the differing rates of student learning. Units are 
short, and provide various approaches to the development of mathematical con- 
cepts. 

Five topics need to be concentrated upon in the teacher training area: 

1# Mathematics programs and contemporary instructional techniques. 

2# Characteristics of the educationally disadvantaged. 

3. Emphasis on instructional techniques for the low achiever. 

k» Curriculum and textbook examination and study. 

5, Purposes and procedures of evaluation. 
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The updated presentation of mathematics instruction is aimed at bringing 
to light all of the underlying structuraL properties, and, to show how certain 
mechanical algorithms will produce desired results # The object is to teach 
the algorithm^ but only after leading the students, using the method of guided 
discovery, step by step through the background which makes the algorithm 
possible. Disadvantaged students require a modified, structural approach. 

Characteristics of culturally deprived children are discussed candidly. 
Units such as home environment, language, cogrJLtion and learning, intelligence 
and aptitudes, personality and motivation, and school achievement are used as 
a basis for discussion. 

In the area of instructional techniques, there is a need for clarity of 
structure, remediation of large deficits, in common knowledge and skills, and 
for individualizing instruction. Teaching is directed toward simple, clear, 
achievable goals; and the means designed to accoti$)lish them understood by the 
children. Immediate rewards for successful performance heightens motivation. 
The research on motivation siJiggests the need for developing school programs 
adapted to the motivational patterns of these children. 

Tasks are challenging, but not discouraging. Even short-range training 
in perceptual skills, following directions, and other tasks has produced marked 
increases in intelligence test performance. 

Disadvantaged children have shown difficulty in developing concepts of an 
abstract nature and in generalizing. Therefore, teachers provide a saturation 
approach for material to be retained. 

An integral part of teacher training is the review and study of curricu- 
lum materials to be utilized in the classroom. Closely allied with this is 
the study of the textbook(s) to accompany the curriculum materials. 

Purposes and procedures of evaluation provide an overview of their areas. 
The chief purposes of evaluation are: 

1. diagnose class and individual ability^ 

2. inventory knowledge and abilities; 

3* determine the extent of learning over a lindted period; 

measure learning over a relatively long period j 
.5. obtain rough measures for comparative purposes. 
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Four general classes of evaluation techniques considered Qre: 

1. pcjper-and-pencil tests; 

2. teacher observation; 

3. individual interviews and conferences with pupils; 
h, pupil reports and projects. 

The last area is that of classroom organizational structure. This is 
where the other three areas: evaluation, curriculum development, Eind teacher 
training are put in operation. A lull school year program is emphasized be- 
cause of the eventual assimilation into the total school program. A possible 
summer session could be included for reinforcement of fundamentals and/or 
enrichment. 

The environment of disadvantaged children causes depression of intellec- 
tual functioning. Provision for a more adequate environment can result in a 
considerable increase in aptitude, and in more learning and achievement, A 
child's full learning ability will be realized when a proper home environment 
is supported by good environmental conditions in the school* These conditions 
are fostered by various classroom crgenl zational patterns* To identify a few: 
inter-class or intra-class ability grouping, ungraded cltjsses, and small group 
instruction. In the intermediate grades particularly, the Dual Progress Plan 
(DPP) and the Joplin Plan are two types of classroom patterns. The mathe- 
matics part of the DPP has ungraded classes taught by elementary teachers 
specializing in mathematics instruction. 

The particular structure decided upon, and the mathematics project 
developed should be an outgrowth of the local system's educational philosophy 
so as to fit into the overall school program. 

Federal Funds for Mathematics Education was a presentation delivered in 
Oneonta, Greenlawn, Warsaw, Syracuse^ Las Vegas, Nevada, and again in Syracuse 
in February 1966, March 1966, April 1966, May 1966, April 1967, and May 1968, 
respectively. Following is a summary of the presentation. 

Three points are clear concerning federal funds for education. They are 
to be used for: 

1. attacking special problems (represent categorical, not general ald}j 

2* developing new programs; and 

3. supplement state and local revenues. 
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The F':.>derfil Govornmont's effort iippcars to be more dramatic, only because 
it is more recent. F(>der^j.l funds are bpproximntley nine percent of expendi- 
tures for public education In How York State. 

The role of the three agencies should be thought of do F'-derel concern, 
State responsibility, and local control. 

Exempltjry projects under the following federal grant progratri;: arc then 
described: 

1. NDEA, Title III - financial rjssistHnce for strenghtening instruction 
iu science, fitithematics, aiodern foreign longuages, ^nd other critical 
subjects; 

2. ESEA, Title I - fincmcial assistance to local educational agencies 
serving areas vith concentrations of children from low-income f^milie: 
to expand and improve their educational programs by various means 
which contribute particularly to meeting the special educational need! 
of educationally deprived children; 

3. ESEA, Title III - ii program for tn?iking grants for supplementary educa- 
tional centers and services, and to stimulate and assist in the 
development and estJjblishment of exenrplury elementary anU secondary 
educutionalprograms to serve as models for regular school programs; 
and 

h. ESEA, Title IV - to mke grants for research, surveys, end demonstra- 
tions in the field of education, and for the dissemination of infor- 
mation derived from educational research. 

Guidelines for Developing A Title I, ESEA M-ithematics Project was- first 
published in the Kev York State Mfi theme tics Teachers Journal, April J 9^6. The 
guidelines followed closely the presentution titled, Developing Mc<themutics 
Progrums for the Educationally Disadvantaged , described previously. 

22 H'^thematics Education Programs , Volumes I and II are two publications 
distributed by the State Education Department. They vere published by the 
Department in January ond July, 1968. The compendiums provide program descrip. 
tions for 25 Title I, ESEA projects involved with mathematics education. The 
projects selected give a range of coverage in different instructional and 
service domains, including cxirriculum development, in-service training, and 
small group instruction. 



M^jthctnutics Education and the itiducationally Disadvantag ed ii3 a publication 
that contains, bacically, the major presentations of the two conl'erenccs lield 
in 196T. 

Tliere ure two programs that deserve exposure as vehicles addressed to the 
conference theme. The first is the BRIDGE project. 

BMDGE, (Building Besources of Instruction for Disaavantaged Groups in 
Education), was :i project developed to find ways of effectively preparing 
tecjchers to work in culturally deprived neighborhoods. The problem was two- 
fold: 

1. How to bridge the gap between essentially middle class oriented 
teachers and the lover cluss youth of varied ethnic backgrounds 
present in public junior high schools and, 

2. How to tuodiiy tie Queens College of the City University of New York 
curricula so as to meet the future teacher's needs and prepare the 
teachers for the unique problems of classroom instruction at the 
grass roots level in the low achievement schools. 

The preparation of teachers is, of course, only one aspect of tliis prob- 
lem. It has been t2*ue in the past that teachers generally prefer to teach in 
those schools where the best conditions oi" work are present and the responses 
of the pupils most stimulating. The consequence of this desire has been to 
relegate much of the education of the children in slum-urea schools to inexperi- 
enced teachers, many of whom either leave teaching or escape to more desirable 
locations. The staff of the Education Department at Queens College was aware 
that their students tended to follow the general pattern, preferring either to 
teach in suburban communities or in those areas of the city where middle- class 
whites lived. They were also aware that many of the young graduates of the 
College who accepted teaching assignments in low socio-economic area schools 
reported encountering severe problems of bridging the gap between midd* .-class, 
academically oriented whites preparing to be teachers, and the lower- socio- 
economic white, Negro, Puerto Rican youth who form a large part of the pupil 
population in the slum. 

The general goal of the BRIDGE Project was to discover what modification 
of, or addition to, the present program of teacher education would more 
effectively prepare teachers for work in secondary schools in culturally dis- 
advantaged areas. 
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Three teachers, recent graduates of Queens College, were selected to teach 
English, mathematics, science, and social studies to the Project pupils for the 
three years of their Junior high school education. One teacher taught both 
mathematics and science. Each teacher's full schedule wus devoted to the 
instruction of the Project children. Pupils and teachers were together lor 
approximately two-thirds of each school day throughout the three yeyrs. 

A supervisor or coordinatoi- was selected to discharge the duties of 
training these teachers on the Job, giving them assistance and emotional 
support in their difficulties, organizing the meetings oi the Project stuff 
(both school and college) which were held in the school, and in supervising 
the collection of teacher records and reports which were necessary for the 
research. 

The teachers were involved in the ev,^ryday duties of all teachers, no 
matter the school or the community. The unique aspects of their work was the 
every day planning aimed at meeting the unique group needs of the children. 
(Reading level average — 2.2 years behind, range 3.0 - 10.0. Seven out: of 
eight pupils were below reading level at the onset of the Project.) Through- 
out the teachers* work in this laboratory classroom they sought approaches to 
the teaching of mathematics. Planning was not a one-day seminar, or a two-day 
workshop, but an everyday item on the agenda for three full years. With the 
help of a master teacher-supervisor, they planned specific activities. The 
official mathematics texts were rarely used. . .semi -original and original 
teacher prepared materials were given to the students daily and combined by 
the students to form their own pei'sonal textbooks. (Texts were ordered as 
they discovered the needs of the three very different classes). 

Evaluation of what took place in the classroom was done almost immediately 
and remedies, where necessary, could go into effect often at once. The advan- 
tage being, that they were teaching in a fish bowl and didn't have to wait 
several weeks for feedback. They were ablq to see the units of work take 
shape, and to participate weekly in planning sessions with a college mathema- 
tics consultant to evaluate what they tried. 

The teachers on the project were able to share their common experiences, 
new materials, books and pertinent games and tricks. The staff as a group was 
able to focus attention on specific children (one per week in a case study 
conference) as to their reactions, and learning difficulties in &11 the subject 
areas. They soon found that as their knowledge of the children increased, that 
certain units of work were required in mathematics, namely basic mathematics 
and consumer educntion. (Consumer education included installment buying, loan 
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churkG, discounts, tax pack^jcing comparisons, etc.) They diccovcred that they 
could not te:ich any Lidvanced miitheioatics concept without revicvinc the busic 
ctlgorithms, yet this was too dry for the children. They found thut if they 
could c relate a desire or a need to iearn a concept the basic computations 
needed for figuring out the answers bec^jnie an easy thing to tOiCh; However, 
isolated unrelated :iitjthematics notions remained meaningless to :3tudei.t&. They 
further discovered through trial and error, that because their Gtudentc lacked 
the basic rudiments of mathetnoti cs, the children were gullible to business 
sharpshooters. Teachers tried to help them visualize mathematics in 'a realis- 
tic everyday context. They took, trips to Wacy*G, watched the 3uperrairk.et 
people trciin, and used a cash register and adding m;j chine in their own class- 
room. Tlie needs of the children dictated the activities. 

In working on units in graphs, myps, :jnd scales in general, the children 
had ulmost no concept of distance, e.g., distance from New York to Philadel- 
phia ranged from 3 miles to 3000 .Miles. . .although nuiny of the children 
moved their residences frequently, few had ever actually ventured out of their 
narrow neighborhoods, even to go far as Times Square. So how could they 
know how far was Africa? Or where their brothers were fighting in Vietnam? 

Those youngsters who needed skill work in the algoj [v-ts wanted to work 
alone with their problems because thoy hated to admit f Ir shortcomings. 
Frustration was common to the children who hadn't leari g their multiplication 
tables. Students' work was individualized. (Each child had a separate skills 
folder of his own and was tested only after he was re'idy to be tested.) This 
encouraged developing these vital skills us well as learning an elementary 
responsibility for handling of school iiuiterials. (Folders and pencils were 
distributed and collected by students.) Toward the end of the second year, 
the children were able to function on their own without direction from teachers. 

Since the majority of the children were two or three years behind in 
reading at the onset of the project (grade 7)* the teachers were obliged to 
teach reading , learning to do this on the Job, as they needed these skillp 
immediately. Generalities were aoon translated into subject areas. Vocabulary 
in mathiematics was developed where possible with •:ords children had seen and 
learned before (e.g., fraction and fracture; percent and cent; equal and 
equality). Understanding what were once insolvable problems, were built ^ 
through the teachers* knowledge of context clues and comprehension skills. 

While the teachers and pupils were learning, the college staff was active. 
There was always a professor working with a group of youngsters or observing 
a lesson in session. The professors liked the laboratory atmosphere, and 
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were observing at first hand, what works and what doesn't. Regular conferences 
in each area included the appropriate college teacher. Through this type of 
conference and observation and participation, the professors changed and ex- 
changed ideas, and their curriculum and course content at Queens College 
changed. 

The College learned from the BRIDGE experience that new teachers should 
not be sent into difficult areas as their first assignment. New teachers need 
a "period of adjustment" : time to learn the ropes of the classroom, stage 
presence, administrative paper shuffling, and other routines. Nevertheless, 
there is the reality factor. Teachers are needed in difficult schools imme- 
diately. In New York City, the majority of newly appointed teachers have no 
choice. Therefore, what can be offered as concrete, realistic help? 

A fifth year for the fledgling. A year to become a strong, confident 
teacher. A year in which to build materials file, unit plans, diagnostic 
devices, and lesson plans, A year in which being "alone" in the classroom is 
nonexistent, A year with skilled help and gxtLdance as well as critical 
analysis of the work accomplished. A year to sit down and talk about diffi- 
cult teaching problems with e3q)erts in the field. A year to think, and create. 
Time to meet the curriculum needs of the pupil by preparing new materials to 
be used in teaching. A year to understand the children in the classroom as 
individuals and try to meet their individual needs. No pre-service training 
in the college classroom can ever hope to provide the laboratory atmosphere 
BRDIGE created. 

The second program to be described is the New York City CAI Program. CAI, 
Computer Assisted Instruction, provides an opportunity tc give each student the 
individual teaching attention he needs to do his best work. 

The computer, with its great speed, vast memory, and information given to 
it by a curriculum author, can drill 200 students working at student ter- 
minals, all at the same time. It asks each student questions hard enough to 
make him work, but not too hard for him to answer. Based on the student's 
previous performance, the computer selects the appropriate level of difficulty 
for each student and guides him on an individual path of learning. Each stu- 
dent receives daily lessons geared to his own progress and learning ability. 

Teachers have more time to help students who need special attention, 
because the CAI system prepares, conducts, and grades d-jily drills, and pro- 
vides every teacher with a complete report and analysis of class performance 
each day. Children using the system in New York City are being drilled in 
elementary mathematics, grades 2 through 6. 



Kew York's CAI system has a total of 202 student terminals installed 
in 17 eletnentary schools in the Bronx, Brooklyn, and I»lanhattan. In all but 
one of these schools, 9 to 13 terminals are installe<i in a central class- 
room, where students go for their daily lessons. In the one remaining school, 
a terminal is installed in each classroom, so that students can take their 
CAI lessons without leaving the room. A computer terminal room is essential 
to the program. 

All 202 student tertcinals, which are special teletypewriters, are 
connected by dedicated telephone lines to an RCA Spectra 70A5 computer 
installed in the central computer facility located at 42nd Street and Second 
Avenue. Any student who has been registered as a participant in the CAI pro- 
gram at least one day before may use any terminal for student lessons. A 
teacher may also use the terndnal during this period to request any of the 
various features available to him. Both students and teachers use the Student 
Instructional Terminal to communicate with the computer • The computer sends 
messages and questions to "die terminal which are diaplayed on a page printer. 
The student or teacher responds by pressing appropriate keys on the terminal 
keyboard. These characters are transmitted to the computer for evaluation and 
processing. They are alao displayed on the page printer. 

ilveiy school day the system can give individual instruction to some 
6,000 students during classroom hours. Late afternoons the system is used 
to help additional elementary school children, and in the evenings it is used 
for adult education, and other apecial instruction. Nights, weekends, and 
vacations it is used to prepare student progress reports for teachers, ■ and for 
other information and administrative data processing functions. More of this 
kind of use will be made in the future for scheduling, test scoring, etc. 

A student may begin taking daily lessons after he is registered. The 
curriculum materierl provided for mathematics lessons is organized aa a series 
of concept blocks; approximately twenty-four at each grade level. A concept 
block is a set of material relating to a particular idea, or concept; for 
example., division of fractions. Within a x;oncept block, the student receives 
questions and problems keyed to the level of difficulty for which he is 
currently best suited. The system. provides material for five levels of 
difficulty. The blocks can be correlated with materials in most current 
textbooks being used in the classroom. 
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The pre-tcst, given on the I'irst day of a concept block (there ure 7 
diiys of drill lessons in each concept block), establishes the level of diffi- 
culty for the second day's drill. II a student does very well on a drill, he 
is moved to the next higher level the next day. The student may ulso stay ut 
the same level, or move down a level. The student's individual progress, as 
indicated by his daily score, dictates the level at which he is currently 
working. On the last session, the student is given a post- test eovering the 
current concept bloek. 

A student is also given review material in addition to drill material. 
Review material is selected from that pre\d.ously drilled coneept block on which 
the student lavide his lowes't post-test seore. This seore establishes the level 
of difficulty for the next four d-^ys. The review test score is substituted for 
the previous post-test ceore for that concept bloek. A student may review a 
coneept bloek up to four times, reeeiving different material each time. 

During an average daily lesson in mathematies drill and praetiee lasting 

10 minutes, the student would spend approximately seven minutes working on * 

the current eoneept block, and an additional three minutes of review on his 
concept bloek with the lowest seore. 

The procedure used for drills, rc.iews, and tests is the same: a problem 
is displayed at the terminal and the student types his answer. When the stu- 
dent answers ineorreetly or does not eomplete the answer within the time allowed 
(normally 10 seeonds), the system redisplays the problem for another try. If 
the student is not successful on the seeond try, the answer is displayed and 
the problem is presented again for a last attempt. If the student is still 
unsuceessful, the system again displays the eorreet answer and goes on to the 
next problem. This is drill-and-praetiee and does not develop eoncepts. The 
teaeher does this in the elassroom. 

The City University of New York prepared the CAI evaluation report for 
1968-69. The purpose of the evaluation was to deseribe the outeomes of the 
program in terms of its effects upon pupils and teaehers. More partieularly, 
its purpose was to describe the effeet of the Computer Assisted Instruetion 
(CAI) arithmetie drill-and-praetice program on pupil aehievement, and on the 
opinions and attitudes of pupils, teachers, and administrators. A total of 
3282 students (293O CAI ard. 3^2 non-CAI) are the subjeets of the report. 

The Metropolitan aehievement Test (>iAT) was se lee ted for the study, be- 
cause it is used extensively by the New York City Board of Education in evalu- 
ating pupil aehievement. The data compared are the computation scores of this 
test. 
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The principal statistical method used in the study is the compririson of 
groups "in terms of the meuns and standard deviations of the test scores; the 
significance of differences being tested by anti lysis of variance. In this 
report differences are considered significant if they are less than the .01 
level of signif ichuce . 

"When all students' computation scores are examined, the mean row score 
gains between the pre- and post-tests are higher in all grades for the CAI 
groups. The differences in gain scores are significant, at less than the .01 
level, for grades 2, 3, h, and 5 lor all students. The, CAI drill and practice 
program would be expected to have impact prittiarily on arithtnetic computation 
skills. However, there was o high corre lotion ranging from .72 in grade 2 
to .88 in grade 6 between computation scores and problem solving and concept 
scores. This is an indication that the program produces gains in the problem 
solving and concepts area as well' as in the computation skills area. 

A final concern with any program or project is its effectiveness. This is 
what is referred to as "accountability". 

The educational community is being called upon to provide increased 
accountability -to its many constituencies for the financial support received. 

There are two aspects to accountability in education: 

1. Have the funds been spent for the purposes Intended ? and, 

2. what effective use has been made of them ? These are the two fiscal 
and educational aspects. No one can protfest that one should be held 
fiscally accountable for money received and spent* But educators, 
because they deal with a largely intangible product, are not quite 
as used to as others are, to providing a full reckoning for funds 
received. As Ewald Nyquist, New York State Commissioner of Education, 
in a recent speech said: "Education is too often thought of as in a 
class with the American flag, baseball, and niotherhood — they have 

a sanctity which should go unexamined." 

Certainly one aspect of accountability is the significance of the improve- 
ment which has taken place in the pupils, but it is not the only aspect of 
accountability. There are other questions which should be raised in evaluating 
the effectiveness of a project. 

1. Were there any undesirable outcomes of this project? 

2. Could there or should there have been a greater improvement in pupil 
achievement? 
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3. Could this improvement have been made more efricientiy or econoRiicaily 
by some other means? 

This is by no means u complete list of the questions that should be raised 
at the conclusion of y project. It is only intended to suggest what 12 meant 
by ^iccountaljility , 

Thus, there is a dual chc^llenge to everyone in the educational community 
at both the state :ind local level. First, there is the challenge of Iielping 
disadvuntaged children to find equality of educational opportunity. The second 
challenge is in doing this job with a sense of stewardship lor the financial 
support received. 
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REACTION TO ONE STATE EDUCATION DEPARTMENT'S ACTIVITIES CONCERNED 
WITH IMPROVING MATHEMATTCS FDUCATTON IN THE INNER CITY SCH0Or£ 

Emma M. Lewis 
' Public Schools of the District of Columbia 

I am in agreement vi th the statement that "mathematics educators have the 
responsiMlity to provide a compensatory mathematics learning program, kinder- 
garten through grade 12, for that large group of students, throughout the 
country, working below grade level In basic skills". 

The procedures outlined to attack the problem were sound: namely; looking 
at mandated Arithmetic Tests for the State Elementary Schools; determining the 
percentage "Of pupils below minimum competence as defined by New York State x^r 
reasons mentioned in the presentation; getting the State Education Department 
to plan and Implement federal and state aided programs in mathematics educa- 
tion; adding to the staff of the Bureau of Mathematics Education a person to 
provide consultation and assistance to school systems in the state in the for- 
mulation and operation of program proposed In mathematics education under 
various grant programs, to recommend for approval or disapproval the submitted 
projects and to conduct evaluation of operational programs; sponsoring con- 
ferences on "Low Achievers in Mathematics". The objectives of the two con- 
ferences were good, however no. outcomes, were Ftated. Ttie only reference to a 
publication^ Mathematics E<3acation and The Educationally Disadvantaged stated 
that it contains basically the major presentations at the conferences. 

After a listing of the objectives of the two conferences, the discussion 
moves into summaries of other presentations 'that have been delivered concerning 
mathematics education and the disadvantaged; a discussion of a project format, 
a listing of the most commonly utilized standaiviized achievement tests in New 
York State in grades 1-12, aptitude tests in grades 7-12, the New York State 
Pupil Evaluation Program examination; quotes from educators concerning curricu- 
lum emphasis for educationally disadvantaged students. 

It became very difficult for a number of pages of reeding generalizations 
or philosophy of education for disadvantaged children to pinpoint i^at activi- 
ties were actually progressing in Kew York for these students. I could not 
relate all of this to specifics for the New York program.'- 

I realize that much research, understanding of philosophy and reading is — 
necessary before launching any new projects. However, I don*t know from the 
paper exactly who in the New York programs were involved in this. Was this 
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the kind of information given to teachers and curriculum developers for dis- 
advantaged pupils? 

The paper seems to break down into three parts: the state of mathematics 
education in New York St&te; a philosophy of education for educationally dis- 
advantaged chiZdrer; and specific steps taken by New York State to improve 
mathematics education for disadvantaged children, including a detailed dis- 
cussion of two projects. About one-third of the paper is devoted to philosophy 
of education for disadvantaged children. 

Two of the projects approved, operated, and evaluated are discussed here. 
There were the BKEDGE program (Building Resourceo of Instruction for Dis- 
advantaged Groups in Education) conducted, in connection with Queens College 
of City University of New York City, for preparing teachers for inner- city work- 
and, the New York City CAI Program (Computer Assisted Instruction) which worked 
with the student directly by installing 202 student terminals in 17 ele- 
mentary schools. These were connected to an RCA Spectra TOAs computer in- 
stalled in a central facility. 

Evaluation of the computer program showed a statistically significant gain 
in achievement in mathematics on the Metropolitan Achievement Test by stiidents. 
Evaluation of the BRIDGE program (which was not included in this paper but 
which I knew about) showed a significant number of teachers electing to stay 
in inner city work. In other words, both programs are good for New York City. 

The weakness lies in the cost. As long as these programs are funded by 
grants, they can be operated. Most systems do not have the kind of money it 
would take to make these uniform throughout a system. 

The College learned from the BKEDGE experience that new teachers should 
not be sent into difficult areas as their first year assignment. They recom- 
mend a fifth year for the fledgling — a year to build a materials file, unit 
plans, diagnostic devices and lesson plans. (This is comparable to the Master 
of Arts in Teaching program that George Washington University and Catholic 
University have in Washington, D.C. I believe Trinity College, also in D.C., 
is moving in this direction.) 

This detailed discussion of these projects was the real meat of the paper. 
However, there were many questions in my mind after reading and rereading. I 
have divided the questions into two categories, general and specific. 
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General Questions 

How many teachers and pupils are involved in the project? 
liWMlSJSt^chools were involved in BRIDGE? 

How were pupils grouped prior to being singled out for the study? 

How are they grouped during the study? Where? Special schools or 
classes? 

How are teachers assigned for the project? Are they specifically 

qualified? Is any incentive used? Do they feel' stigmatized at 
having to work with disadvantaged children? 

Who prepares teacher-pupil materials? Are gxiidelines given? 

Is the content developmental? sequential? or merely corrective? 

Are copies of course outlines, lessons, actirtty sheets (or anything) 
available? 

Are there any special physical changes being tried? Special^ooras? 
Special arrangements of furniture or eqxiipment? 

Are there any special organizational changes being tried? Team-teaching? 
Flexible scheduling, etc.? 

Since secondaiy (as well as elementary) seems involved in the project, ar< 

efforts being made to articulate these two. instructional levels? 
Are parents (or other community personnel) involved at any stage? 

Are teaching problems shared? analyzed? revealed st all? How are they 
resolved? 

Does the program use any p:'ofessional consultants? social workers? 
sociologists? psychologists? 

What tests are used? Do pupils use any of the same ones as before?. Who 
selects texts? 

Are any guidelines available for the selection of texts? (Reference was 
made to the fact that texts were ordered as teachers discovered the 
needs of the three very different classes.) 

How are school administrators involved? What orientation? What feedback 
do they receive? 
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What consideration is given the children in the project? Is the project 

concerned solely with the sterile subject-matter and its pedagogical 
implications? What else is being offered to these pupils? 

Have these programs had any impact on the other- problems of inner city 
children? 

Were basic skills emphasized over structure and broad understondincs of 
mathematics? 

Specific Questions 

Did the conferences accomplish the objectives set forth? 

Whot were the findings of the conferences? What was' the later role of the 
"leading nisthematics educators" in attendance at the conference as 
for as the projects were concerned? 

Whflt part did the aptitude test ploy in evaluating the pupils for these 
programs? 

Are the children's interests, aptitudes, background, etc., considered as 
their curricula are developed? If so, to what degree? 

Reference is made to the materials provided for the development of 

mathematical understandings for vocational competence. Is this 
stressed for all children? What are some of the "various approaches 
to the development of mathematical concepts" mentioned here? 

Who are the teachers In the CAI Project? How are they selected? Who 
provides their training? 

The title of the presentation '/as misleading for me. I had anticipated 
learning about mathematics programs for Inner city children throughout New 
York State, then more particularly In the five cities singled out In the 
report on minimum competence In mathematics* It was difficult to believe 
that only two programs both In N»Y»C. were the only ones that deserved ex- 
posure as vehicles addressed to the conference theme, namely - Low Achievers 
In Mathematics* It had been mentioned earlier in the presentation that con- 
ference Invitations were extended to leading mathematics educators from the 
city school districts of the state. 

Various classroom organizational patterns that might foster good environ- 
mental conditions in the schools for inner city children were listed, ,but no 
reference was made cortcerning the use of any of these in the state. 
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I would be interested in knowing what programs in mathematics have been 
or are being tried in other innrr city areut. of New York Stute. 
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PEDAGOGY AND ACCOUNTABILITY IN 
TEACHING SOCIETY'S REJECTS 

Eli2at)eth A. Collins 
Dade County Schools 

Introduction 

The litnited increases in achievement resulting from the tnillions of. 
dollars expended during the sixties on compensatory education leads to the 
generalization that when sot'ological and physiological phenomena are raanipu* 
la ted, changes only occur In the sociology or physiology and no significant 
chsnges occur with respect to the nearness to or direction of movement towards 
school learnings. Few compensatory programs have res^3lted in growth in aca- 
demic achievements 

Challenges regarding the appropriateness of standardized tests for evalu^ 
a ting the effectiveness of compensato3:y or any other sj*ecial educational 
efforts for disadvantaged or inner city youth are "COP" outs. These are high 
intensity indications of still another hoax being perpetrated upon these youth 
Pre not such measures still the pritnary tool used for permitting entiy into or 
for justiiying exclusion from Jobs, technical schools, or colleges? Is not 
part of the American Dream the promise that education Is the first step in im- 
proving economic and social status? How then can such subterfuges be justi- 
fied? Or are such excuses really affirmations that success in school is 
directly proportional to the expectations that educators have for the social 
class of the student's family? 

HopefulZy, the community of mathematics educatorQ^will not become active 
co-conspirators in the vast enterprise of continuing the proces's of swindling 
the many Blacks and persons of Spanish ancestry or lower class whites who popu 
late Atoerica's inner cities. 

In this paper, the details of the struciiure, experiences, and theoretical 
base of an informal ten-year study on teaching a segment of our school's popu- 
lation will be presetned. A desired concomitant of sharing these experiences 
is that they will contribute to the development of a theory of teaching and 
ultimately a theory of learning for society's rejects, many of whom have lost- 
their identities because they wear the badge of identification of living in 
America's inner cities. 
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Toward u Theory of Teaching Society's Re ejects 

In the fall of 1961, this writer was teaching In an oil Black secondtiry 
school (the largest in the country) for grades 'J-12 in Dade County, Florida 
(Miami), The teaching assignment consisted of one section of seventh graders, 
two of eighth graders, and one section each of ninth grade Algebra I and 
eleventh grade Algebra II students. SMSG publications were selected for use. 
The following plan was then implemented: 

.1.. Ebch student would be expected to exhibit at least those behaviors 
that are associated with persons having an I.Q. of 20 points more 
than the score that had been most recently recorded for that student. 

2. Students would only be held responsible for those things in which they 
shared in making decisions. Therefore, since they were not involved 
in deciding either the what or how of teaching, the teacher bore sole 
responsibility for the effects of the teaching upon the student's 
learning. That is, the student was only responsible for those learn- 
ings over which he had control; all else was the responsibility of 
the teacher. 

3. Only those rules that related directly to increasing the comfort of 
the learner would be enforced or established by the teacher. 

Students in each grade or subject area would Vcover" an amount of 

content equal to that which was projected by the organization of the 

text toateriisls to be equivalent to at least the work projected for 
,1 

I'g years. 

5. All seventh and eighth graders were to begin with the seventh grade 
SMSG text, the Algebra I students with Part II of the eighth grade 
text and the Algebra II students. Part II of the Algebra I text. 

6. The natural language of the students would be the primary language 
.for communication. This natural language would be systematically 
enriched with precise synonymous mathematical terms. 

7. The teacher would "talk" through all new concepts and strategies 
that were to be considered in a set of "new" learnings, beginning 
with that which was known, moving to that which was ultimately 
expected. All new terms and symbols would be used in context with 
the only delineations being that each symbol or word would be promi- 
nently recorded by the tsacher when used.. 
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8. One day of each week would be used for drill and practice in those 
areas related to the diagnosed needs of the individual learner. 
Students not requiring such experiences could select any activity 
either initiated by the student or by the teacher, but directly re- 
lated to mathematics. 

9» No student was to ever complete more than five practice exercises 
before having them checked either by the teacher or another student 
whose efforts had been adjudged satisfactory by the teacher. 

After the first six weeks of school, two other Black teachers of seventh 
and eighth graders Joined in testing the efficacy of this plan. They, however, 
used Florida State-adopted texts written during the mid-fifties. Joint planning 
resulted in SMSG approaches being implemented by all. End of year evaluations 
indicated success tn that: 

The mean achievement for each grade or subject group increased an 
average of 2^ years as measured by traditional standardized tests. 

All students except one, purchased the SMSG texts, thereby providing 
evidence of involvement in affective dimensions. 

'Experiences thusly gained suggested that requisites for effective concep- 
tual development are the availability of a wide range of stimuli, which are 
systematically ordered along a similarity-dissimilarity continuum. The initial 
"talk- through" of ell new learnings, applying principles from Gestalt psychol- 
ogy, was the enabling mechanism for exerting control over the variety of stimuli 
and their relationship to each other. 

It also became evident that teacher-pacing can interfere with conditioned 
preferences for position, distance, and speed, and that when such pacing is 
combined with defined teaching strategies, learners will demonstrate achieve- 
ment gaj.ns compatible with the scope of concepts, skills, and understandings 
available to them. 

This plan was again used in I962-63 in the same school with the following 
changes: 

1. This writer followed the seventh and eighth graders into eighth and 
ninth grades with both groups enrolled In Algelara I. 

2. The Instruction for these youths began the succeeding year without 
review— exactly where that student had ended the previous year. 
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3. Cumulative review and drill-and-practice sheets were designed for 
use during the "one-day-a-veek" established for this purpose. A 
dialog format was created so that at least two students could be 
mutually supportive and would be provided extended support from the 
teacher in learniiig how to read, interpret, and translate mathematical 
ideas expressecT in English and mathematical terms* 

h. The top five seventh graders of I962-63 were scheduled with the class 
of eighth graders taking Algebra I, Only one Of these students had 
scored as high as the 85 percentile on either of the subtests of 
the standardized test that had been used. The other four scored be- 
tween the 25th and 50th percentile on the same subtests. 

This action-based study revealed the effects of quantity and quality of 
reinforcement upon performance. Investigations by Hull (19^3), Crespi {lSlk2)f 
Hutt (195!^-), and Zeaman (19^9)* yielded results in agreement on the point that 
performance increases as a negatively accelerated function with increases in 
the amount of reinforcement. 3uttman (1953) and Hutt (195^) manipulated both 
quantity and quality. 

Hutt*s investigation is of special interest because it is one in which 
amount of reinforcement was varied in two ways, by manipulating quantity and 
quality of reinforcement in a factorially designed experiment. Hutt used a 
serailiquid mixture of milk, flour, and water as a basic reinforcer. To pro- 
duce three variations in quality of this basic mixture, Hutt added citric acid 
to it to make it sour and less acceptable for one group of rats. For another 
variation he added saccharin, producing a mixture which the rats preferred. 
The undulterated basic mixture provided the third, intermediate, variation in 
quality. Different groups of rats were trained to press the bar in the 
Skinner box for each of these. mixtures. Beyond this, three different sub- 
groups within each quality group received different quantities of the iiixture. 
The three mtities were: small, 3 medium, 12 mg.; and large, 50 mg. • 

The results of the experiment appear in the following table, where mean 
response rate appears for each of the 9 subgroups in the experiment on the 
fifth day of training. The mean rates entered in the table show that both 
variables had an effect— that of quantity being somewhat greater than that of 
quality. This, however, maycKJnly mean that a wider effective range of quanti- 
ties than qualities was sampled. Close examination of the entries will show 
that there were no inversions. Increasing quantity led to an increasing re- 
sponse rate for each value on the quality dimension. Similarly, the order of 
the quality groups is citric, basic, saccharin for ell quantity conditions. 
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MEAN RATES OF BAR-PRESSING UNDER DIFFERENT COMBINATIONS 
OF AMOUNT AND QUALITY OF REINFORCEM™: (HUTT, 195!^) 



Quantity 


Citric 


Busic 


Saccharin 


Meun 


Small 


3.0 


3.9 


5.0" 


3.9 


Medium 


k.2 


6.9 


8.0 




Large 


8.2 


11.1 


13.8 


11.0 


Mean 


5.1 


7.3 


8.9 





It is suspected that both quantity and quality of reinforcements were 
functioning as interrelated performance variables for- the sampling of inner 
city youth previously described. For to assume thdt quantity had dominance 
over quality is equivalent to assuming that chocolate nuggets, Jiidicioiisly 
distributed, would have achieved the same outcomes. 

Reinforcement was also immediate in that no more than four practice exer- 
cises were to be completed before assessment was made of the S-R bonding and 
the scheduled one day of drill-and -practice , Several independent lines of 
evidence suggest that •responses spatially or temporally near reinforcement 
are learned more quickly than responses remote from reinforcexnent, Tolmsn 
(193^) showed that rats, running a maze which required two black-white discrimi- 
nations, one after the other, learned the second of two discriminations more 
easily than the first. It is well known that blinds in a complex maze tend to 
be mastered in a backward order (Montpellier, 1933)* From the works of Yoshioka 
(1929) and Grice (19^^-2), it has been established that rats tend to take a shorty 
path to a goal rather than a long one. Further, if during the extinction of a 
funning response in a straight alley, rats are blocked at various distances 
from the goal, extinction is more rapid if the" block is placed near the 
starting box than if it is near to the goal of the box (Lambert and Solomon, 
1952). There is also a clear-cut speed of locomotion gradient in the behavior 
of a rat in a straight runway. The animal runs faster as it nears the goal 
(Hull, 193^c). All of these suggests that learning, or perhaps performance, 
varies directly with the immediacy with which reward follows response to be 
learned. The goal gradient ^ or delay - of -reinforcement gradient , represents 
one of the most important applications of conditioning principles to more com- 
plex behavioral situations. The goal-gradient hypothesis as Hull originally 
formulated it, is as follows: 

"The mechanism. . .depended upon as an explanatory and integrating principle 
is that the goal reaction gets conditioned the most strongly to the 
stimuli preceding it, and the other reactions of the behavior sequence 
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get conditioned to their stimuli progressively weaker as they ore triore 
remote (in time or space) from the goal reaction." (Hull, 1932, pp. 

25-26.) 

Delayed reinforcements are ineffectual with inner city youth. Societal 
conditions, legion in numbers, pervasive with skin and economic discrimlnti- 
tion, raise question regarding the intent of proponents who advocate post- 
ponement of rewards until tlfese youths enter the adult world. If they are to 
establish a pattern of success along a vertical continuum, then the learning 
climate and the controlling adult must engineer immediate applications of 
Reward systems that are riot contrived, but relate to further learnings. 

This writer's direct influence over these seventh, eighth, and ninth grade 
youths ceased es of the spring of 1963,. Case studies made, produced: 

1. All of the students completed high school, even though at least five 
had been identified by counselors as potential dropouts as soon as 
they reach the age of sixteen. 

2. Their interest and achievement rate in mathema:tics continued through 
the eleventh grade, with them earning an average grade of B, and 
with all seventh graders of 1962-63 transferred into an integrated 
senior high school upon reaching grade 10. 

3. Two of the five accelerated seventh graders successfully completed 
the calculus, each winning academic scholarships to attend presti- 
gious eastern colleges. 

After the third year of implementing this plan, it was obvious that these 
youths would continue to have successful experiences in mathematics because 
they were now able to enter the excitement of mathematics normally reserved 
only for those who are pertnltted to engage in such experiences as suggested 
by the titles: geometry , trigonometry , probability , ana lytic geometry , 
analysis , calculus . How then could greater numbers of youths be provided 
similar opportunities? The question was also raised as to the probable con- 
tributing factors of either the organization or teaching methods used in ele- 
mentary mathematics that uniformaly maintained low achievement for such youths? 
Black youths in Dade County consistently entered the Junior high years with at 
least 60$ of them achieving below the 25 percentile on subtests of standar- 
dized achievement tests. 

From experiences teaching elementary mathematics gained as a demonstration 
teacher since 1965 and analysis of both "traditional" and "modern" text 
materials used, it was observed: 
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That the season o:J the y^ur could be dotermined by the arithmetic skill 
'idth whole numbers being t3*ei.ited, diagnosed, or drilled. 

That such ;i sequence of learning tnandated succerjsively ordered repeti- 
tions that are stultifying und stifling in that skills were not ordered 
in relative positioning of difficulty, but dependent upon perseverance 
'.dth ever-increasing numbers of digits included in numerals. Wiiy must 
2012 - 789 = X precede 2X3 = 6 or = ^ oi' I^'f^'i'"'*'- 

That the implications of the field properties for tetsching and sequencing 
ore only minimally abstracted, thereby establishing interactive contra- 
dictions between compatible theories of learning, teaching sequences, 
methods suggested by the field properties, and the; present ordering of 
addition to subtraction to multiplication to division 

of 

whole numbers to nonnegutive rational numbers to integers to 
rationals to complex numbers. 

That whereas theoretical approaches to geometry may be compatible with 
man-made deductive approaches, they are inappropriate and fraught ^Ith ' 
frustrations for young ].earners who from the instant of birth are required 
to operate in multidimensions. 

That although the modern mathematics revolution enriched the mathematical 
language of elementary teachers and students at the same time, textbooks 
introduced more content into the curriculum, the profession has failed 
to make accessible to nonmathematically trijined elementary teachers 
alternatives for teaching that are inherent in the discipline. Little 
evidence is available to indicate leadership from the profession in 
suggesting either sequences or approaches to teaching that are both 
mathematically and pedagogically sound. 

That the present elementary Qiathematics sequence and emphasis upon 
singular algorithmic methods are devastatingly relevant for maintaining 
the prevailing social, economic^ and educational conditions of society's 
rejects, many of whom live in America's inner cities. As soon as these 
youths begin to feel that school offers hope and begins to understand, 
for example, the number line as a tool for picturing addition, continued 
growth is impaired by a truncated number line being used. Similarly, as 
soon as they begin to translate 15 - 7 = x to 7 + 2 ~ -^^ and experi- 
ence success in applying this, they are forced to forget these relation- 
ships and discriminate between at least fifteen.dif ferent stimuli, awk- 
wardly executing: 
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Hov then are inner city youths enabled to deal vith the negative and 
probabilities that are the substance of their life styles? 

The Experi encing Muthematics Series is an attempt to mke available to 
other studen'wS and. teachers of junior high mathematics the features of the 
teaching model that has been described. These materials also reflect attempts 
to counteract the effects of conditioned positioning that are direct results 
of the sequence of skills in elementary mathematics. These materials indicate 
the position taken by its authors that: 

1. The content would be mathematically correct, but approaches for 
teaching would be dependent upon simultaneous considerations of the 
discipline and compatible principles of learning* 

2. Conditioned preferences for positioning with whole nutiibers would" be 
systematically interfered with. 

3. Two and three space geometi*ic .conditions and relationships would be 
used and only intuitively characterized with no attempt at conceptual 
development of deductive ideas until such time that an experience 
Tpase has been establishf thus grappling with the concept of readi- 
ness. 

All important ideas would be presented through carefully designed 
dialogs, thereby maximizing the possibilities that students would 
be encouraged to read mathematics and supported "talking out" mean- 
ings to be inferred. 

5» Support would be engineered to enable learners to discriminate among 
a field of stimuli to determine those that miust initially be excliided 
and those which, although excluded, are related in some ordered 
fashion, and which must be at some point integrated together in some 
definite manner. • 

6. Pedagogy deemed vital would be detailed in materials for students 
with intaaipreti-ve-d-at^ provided teachers in a specially written 
Teachers' Commentary. 

7. Student text materials would be thin so as to provide the status 
measure of success tied to "completing" a textbook, thereby enabling 
students to achieve closure in their accomplishments and facilitating 
pacing that is determined by either the student or the teacher. 



8. Students would be provided the opportunity, as far as the text 

materials were concerned, to explore alternative means for arriving 
at .solutions and selecting for perfection those methods that suited 
them best . 

9« Upon completion of the series, students would be able to effectively 
function with mathematics instruction tha't is more open-ended than 
that which is noV provided in General Mathematics sequences. This 
"ian be validated by profiles of achievement evaluated by both the 
teacher and the student. Evaluation would be based upon accomplish- 
ment of those objectives that are most frequently evaluated by 
"experts" who design standardized measures of mathematical .achievement. 

The position of the authors of the Experi encing Mathematics Series was 
not only influenced by data collected from observations and trial and error 
practice, but also from experimental results obtained from experiments con- 
ducted under controlled conditions by psychologists* in guest of answers to how 
learning takes place. Significantly influencing these authors are the follow- 
ing principles: 

generalization and the number of reinforcements; 
stimulus intensity; 
response generalization; 

variables controlling the amount of stimulus generalization; 

formation of learning sets; 

principle of successive approximations; 

patterns of reward; 

observational learning; 

transfer of r^ational responding.- 

Each of these points are^ amplified in the paragraphs to follow. 

Generalization and the Number of ^Reinforcements , ^ — 

x 

With continuing reinforcement, the range of stimulus generalization 
shows an initial increase. Beyond this point, ft has sometimes been found 
to show a further increase (Margolious, 1955) and sometimes to show a decrease 
(Beritov, 192*+, p. 123; Hovland, 1937d). On the basis of a summary of 67 
Pavlovian experiments, Razran (19^9) suggests that the initial' increase nay 
be followed by a decrease find then a second increase. The magnitudes of 
response strength providing the basis for this conclusion are small, however, 
and the reality of the details of this postulated function is, by no means, 
certain. 
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Hull (1952, p. 70) has proposed that changes in the form cf the generali- 
sation gradient with practice depend upon the extent to which the response is ' 
conditioned to incidental stitnuli in the learning situation. Such stimuli 
(apparatus noises, movements of the experimenter, sounds of the neating cr 
cooUng equipment in the room, distinctive odors, und so on) are often present 
at the time of reinforcement and should acquire a certain degree of potentit^l 
for eliciting the conditional response early in learning. Later on, these 
stimuli would be expected i to lose their power to evoke the CR, through extinc- 
tion, since they ffre apt to be present between, as well as during, trials. 
Thus, early in learning, a generalization, test should yield an increasing 
response strength as these nongeneralized incidental stimuli undergo condi- 
tioning. 

Stimulus Intensity 

Since increased stimulus intensity increases the vigor of at least some 
conditioned responses, the factor of stitnulus intensity enters to complicate ■ 
the generalization function for such responses. Intensities lower than the 
CS will lead to lessened response strength because of generalization decrement 
and the directly weakening effect of the lower intensity. With higher inten- 
sities, these two factors act against each other. Increasingly higher inten- 
sities will tend to strengthen responses through a dynamogenic effect, which 
Hull (19^9) calls stimulus intenaity dynamism, at the same time that generali- 
zation decrement tends to weaken the response* 

The form of the generalization function produced, by variations in inten- 
sity will depend upon the relative contributions of these two processes. At 
the very best, it is to be predicted that the generalization gradient for 
atimuli more intense thpn the CS will be flatter than the one obtained with 
weaker stimuli. 

Response Generalization 

The principle of stimulus generalization, stated somewhat abstractly, is 
that an organism which has learned to respond in a certain way to stittiulus S, 
has thereby learned also to respond in a similar way to a different stimulus 
S' . The countei'pei^ of the response side is us follows: if an organism has 
learned to react with response B to a stimulus S, it has also learned 
thereby to react with response R', which is unlike R, but in some respects 
equivalent to it. Wickehs (l9^3> 19^8) has described two experiments on 
rfisponse generalization involving finger withdrawal. In these studies, an 



oxteiiGor recixmsc -.van first conditioned by pairing :j tone vdtii j iriild shock 
to the finger. During this originMl conditIcnir;g, tiio Gub^iect zut ut the 
:.ipp;jratus v/ith the j^alm dov;n, tne middle linger resting on the :j hccH-;.id mini c tar- 
ing electrode. After conditioning, the subject turned hie hand ovcj- so th^jt 
the palm vas now up» Undei' these circimic;t&nce.'3, most of the subjects responded 
to the CS v.lth a flexor re^ponsg, demonstrating response generall^ijtion. In 
fjddition, one of these experiments (Wickens, l^hb) successfully demonsti-ated 
stimulus generuIiZLition of the generalised response. Tliat is, the fiexoi" 
resjxjnse transferred in reduced strength to tones other than the specific one 
used itz a CS. Other studies of response generalization have Veen conducted 
by Antonitis (l95l)* Arnold {l9h^), and by Williams {1.9U1). 

Variables Controlling the Amount of Stimulus Genera 11 iitition 

At the most general level, there is good evidence that the breadth of 
the general! nation gradient increases in the strength of the conditioned 
response. The evidence for this conclusion is to be found in the facts that: 

1. increasing numbers of reinforcements broaden the generalization 
gradient (although a subsequent nnrro\v'ing may occur )^ 

2. the general! notion gradient steepens with extinction unless training 
was under conditions of intermittent reinforcement, 

3. increased motivation increases the range of the generalization 
gradient, and 

k» the generalization gradient is flatter following inj;ermittent 
reinforcement than follo;^lng continuous reinforcement. 

It has also been shovTi that the form of the generalization gradient can 
be Influenced by the intensity of the test stimuli. If a responae is condi- . 
tioned to a particular stimulus and then tested with stimuli which are both 
weaker and stronger than the training stimulus, the amount of generalization 
.will be greater for the stronger stimuli than it will be for the weaker. 'In 
experiments on the generalization of classically conditioned responses, thia 
stinrtjiius- intensity effect may be so powerful us to obscure the generalization 
gradient. 

Finally, the extent of generalization depends upon the conditions of 
training. If a response is established with the procedures of discrimination 
learning, the generalization gradient is steeper than it is following training 
in which no discrimination is required. 



The Formation of Learning Sets 

In many areas of learniiig, practice on a series of le.arning tasks leads 
to en improvement of the organism's ability to deal with learning situations 
involved. This is a general statement which apparently applies at all levels 
of task complexity. Repeated conditioning and extinction incre^jse the rapidity 
vith which these processes occur (Bullock and Smith, 1953). The number of 
trials required to learn a list of nonsense syllables decreases by about 55 
percent with practice on a series of a dozen lists (Meyers and Miles, 1953). 
And there is a remarkable improvement in the ability of organisms of several 
species to master discrimination problems with practice making such dis- 
criminations. Harlow (l9^9* 1959) refers to such improvements i^s the forma- 
tion of learning sets and explains learning sets in terms of error factor 
theory , which will be treated later. 

The classic study of learning sets (Harlow, 19^+9) was one in which 
monkeys learned a series of over 300 discriminations in the Wisconsin General 
Test Apparatus, each presented for 6 trials. V/hot is striking is the great 
improvement in performance over the series of problems. On the final block, 
the typical performance is chance (50 percent on the first trial and nearly 
perfect from then on). Occasional errors do occur, for reasons to be dis- 
cussed later. But these are relatively infrequent and appear only once in 
about 20 trials, as is indicated by the leveling of the function for prob- 
lems 201-312 at about 95 percent. 

Principle of Successive Approximations 

Skinner describes a simple experiment that illustrates the shaping up of 
response patterns through reinforcing successive approximations. In the 

■ Skinner experiment, a pigeon is placed in a box where its behavior may be 
observed through a one-way screen. The pigeon can be fed by using a small 
food tray that is operated electrically. The behavior to be developed is 
that of raising the head above a given height. A scale is pinned on the 
far wall of the box in order to observe the height of the pigeon* 8 head. 
Initially, the experimenter observed the height at which the head of the 
pigeon is normally held. Then a line on the scale is selected that is reached 
only infrequently by the pigeon. Whenever the pigeon's head comes up to this 
height, it is rewarded with food. Almost immediately, there is a change in 
the frequency with which the head is raised up to the line.; Also, the pigeon, 
on occasions, raises its head higher than the rewarde d heljght .^ 'The experi- 

.menter next selects a second and higher height on the scale and reinforces the 
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pigeon only when the head is raised up to this new height. Again there is a 
change in the frequency with which the heud is raised up to the new line, and 
□gain the pigeon occasionally raises its head above the line. 

Patterns of Reward 

Under laboratory conditions it is possible to dispense reinforcers for 
every desired response or dispense ^tfera intermittently according to some 
schedule or plan. Generally sppaking^ continuous reinforcement results in 
the more rapid acquisition of responses, but once learned, the behavior is 
more stable and resistant to extinction if it has been acquired on an inter- 
mittent schedule. 

With a fixed ration schedule, very stable rates of response are .set up, 
with the speed of response varying positively with the frequency of the rein- 
forcements. On a fj.xed interval schedule, the rate of response is low imme- 
diately after a reinforcement but increases rapidly as the time for the next 
reinforcement approaches. 

In laboratory studies, the effects of both variable-ratio and variable- 
interval schedules have been investigated. Variable schedules result in 
very stable rates of response and generally speaking, in increased resistance 
to extinction. 

Observational Learning 

If someone were to ask how we acqtiired new response patterns, current 
stimulus -response theory has a reasonably pat answer: by reinforcement of 
variations in behavior that successively approximate the final form desired. 
In shaping a behavior sequence by succesisive approximations, we wait for and 
then reinforce some response that is at least grossly similar to the first 
element of the final pattern desired, . Thereafter, reinforcement is provided 
only for variations of this first element that correspond more closely to the 
one desired. After the first element of a series is learned, we go on to 
teach the second element in a similar manner;' and this is chained to the first 
element. After the two are learned, they are chained to the third element, 
and so on. Skinner was one of the first to describe* the shaping method as a 
means for increasing an organism^s repertoire. The vrocedure is often illus- 
trated by training animals to perform tricks or complex behavioral sequences 
'that, make an interesting spectacle. Thus, pigeons can be trained to play 
competitive ping-pong, a raccoon to put a basketball through a hoop, a tnynah 
Mrd to say strings of English words, and so forth. Shaping an animal to 
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perlcrtn such a ch-iin h:jG by nov become a ctrindi^rd Isbcrr^tory exercise in most 
college courses in learning. 

Shiiping through differential rcinforcenient is indeed nn important method 
for edti-iblishlng nev/ responcos, but is it the only method? Examination of 
eveiyday l-.-yrning by huwm beingc suggests iinother method, and in ^Itriost -all 
cases it is more efficient th;in the shaping ^nethodt This other method is 
simply to have the leorner observe someone else pcrfoi'ming the response thbt 
the learner is to acquire. By this means, the leismer can often perform the 
novel responses sometime later without ever having performed them before or 
having been reinforced for them (since they have never occurred before)* It 
seems obvious that ii large ij-ortion of human learning is observatiomil and, in 
one sense, imitative. It is obvious too, that manj^ skills, (e.g», driving a 
car, pronouncing foreign words) are learned more readily by this method than 
they vould be vere the successive approximation method (without verbal instruc- 
tions) used exclusively- 

In several papers, Bandura (I962, I965) has pointed out the ubiquity and 
efficiency of such observt;tiomil learning in humans and hes emphasized its 
unique features not fouiid in the standard paradigtns of shaping and instru- 
mental conditioning* He has also carried out an admirable series of studies 
with young children that throw light upon the variables influencing such 
observational learning. 

In the typical experiment, a kindergarten child (the subject) sits and 
watches some person (the model) perform a particular behavioral sequence. 
Later, the subject is tested under specified conditions to determine to what 
extent his beffavlor now mimics that displayed by the model. What he do.es is 
to imitate the model* A variety of factors can be varied in this situation, 
end many can be shown to affect the extent of imitative behavior performed by 
the subject. Ve list a fey of those studied by Bandura: 

A. Stimulus properties of the model 

1* The model's age, sex, and status relative to that of the subject. 
High status models are more imitated. 

2* Model's similarity to the subject; the model is another child in 
the same room,? a child in a moviey an animal character in a raovie 
cartoon, etc. Imitation induce(^ in the subject decreases as the 
model is made more dissimilar to the real person* 
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B. Type of behavior exemplilied by the model 

1. Novel skills vs novel sequences of known responses. Presumably, 
the more complex the skills, the poorer the degree of imitation 
after one observation trial. 

2^ Hostile or aggressive responses. These are imitated to a high 
degree . 

3. Standards of self-reward for good vs bad performances. The sub- 
ject will adopt self-reward standards similar to those of model. 
Also, the subject will imitate the type of moral standards exhi- 
bited by an adult model. 

C. Consequences of model's behavior 

1. Whether model's behavior is rewarded, punished, or "ignored" 
(neither reinforced nor punished) by other agents in the drama. 
Rewarded behaviors of the tnodel are more likely to be imitated. 

D. Motivational set given to the subject 

, 1. Instructions given the subject before he observes the model 

provide him with high or low motivation to pay atter.tion to and 
learn the model's behavior. High motivation might be produced 
by telling the subject that he will- be paid commensurate with 
how much of the model's behavior he can reproduce on a later test. 
Under minlmel instructions, learning is classified mainly as 
"incidental". 

2. Motivating instructions after the subject views the model and 
before he is tested. This aids in distinguishing learning from 
performance of imitative responses. * 

This listing of variables in the observational learning situation is not 
exhaustive; it is intended to shpw the range of possibilities. A wide range 
of behaviors can be transmitted under these conditions by the model and with 
the effect that the fidelity of the subject's mimicry (even under incidental 
learning conditions) is often remarkable. 

Transfer of Relational Responding 

' All theoretical approaches to discrimination learning begin by tiying 
to speciiy, either formally or intuitively, what it'is that a subject has 
learned in his discrimination training. How are we to characterize the sub- 
ject's knowledge gained by this educational procedure? For behavlorists. 
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this question gets translated into one about stimulus control of responses: 
what is the effective stimulus CONTROLLING THE SUBJECT'S discriminative per- 
formance? At one level of analysis, 'practically all theories answer this 
general question in a similar . inann»2r: the effective stimulus variable that 
comes eventually to control discriminative performance is that feature (cue, 
attribute, etc.) or set of features present in S+ and absent (or different) 
in S-, Such features are called relevant cues because their variations 
correlate with presence or absence of reinforcement for responding. Cues nnt 
so correlated are termed irrelevan*;. 

But -let us consider a problem where the relevant cues consist of differ- 



heaviness, etc.)* For example, suppose a monkey is trained to use size as a 
cue for securing a food reward. The setup may *;onsist of simultaneously pre- 



the reward has a top with an area' of l60 square centimeters, whereas the one 
containing no reward has a smaller top, 100 square centimeters in area, .The 
relational theory supposes that in this situation, the subject would learn the 
relation "the larger area is correct". The absolute theoiy supposes that the 
subject has learned specific stimulus-response connections; in particular, the 
rewarded stimulus (l60) wher-^as the response is inhibited to the value of the 
nonrewarded stimulus (100). 

Which mode of description of "what is learned" is better is more than a 
matter of taste, because transfer tests with new stimuli provide us with data 
for inferring what the subject has learned in the l60 vs 100 situation. If 
the subject learned a relation ("choose the larger one (ft the stimuli"), then 
he should in some degree be able to transfer his response to this .sitiiation 
to new stimulus pairs differing from those used in training. That is, the 
ralation he has learned is one that transcends the specific stimulus pair used 
to exemplify the relation. Thus, if we test the animal with the new pair, 
256 vs 160, he should still choose the larger stimulus in this pair— namely, 
256— in preference to 160, despite the fact that 16O was rewarded in the 
prior training series. The usual experimental result is^ that animals do 
choose the 256 stimulus in preference to the 16O stimulus. That is, they 
transpose the relation "larger" elong the size continuum. Such studies are 
thus called transposition experiments. 

Conclusion 

At best, the teaching model in the Experiencing Mathematics Series is a 
stopgap measure. The very fact that such a non-dead-end program was forced 




continuum (such as size, brightness or 



senting two boxes between which the tnoiikey is to choose; the on6 containing 
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to come into existence validates the assumption that all is not well in the 
kindergarten to siJCth grade program. The first teaching model demonstrated 
what was possible when energies are directed towards establishing irrelevant 
teaching and learning conditions, assuming that relevance infers appropriate- 
ness to or maintenance of the existing condition or state of being. It also 
demonstrates a strategy for enabling students to escape the doldrums of mathe- 
matics school experience at the secondary level which are equally as dis- 
enchanting as their rcathematical learning experiences were at the elementary 
levels. Even inner city youth with television sets in every household know 
that more than 220,000 miles can be traversed in four days of travel, but 
their sequence of learning insists that this is too difficult for k^Q year 
old minds to comprehend. Wherein is there excitement and relevance for future 
societies? Staid laboratory or quizzical games provide temporal excitement, 
but freeze upward mobilities. 

It is imperative that teaching stretegies, pedagogy, and the discipline 
of mathematics offer inner city youth experiences: 

that are not as 

- grey, dull, and monotonous as the physical structure in which 
these youths live. 

or as 

- barren and as depressing as the small playground areas surrounding 
their homes if such are available in their neighborhoods. 

or as . 

- uneventful and unexciting as the many hours each ^ay they while 
away the time,.'peering out of the windows of a concrete or 
brownstone prison called home, waiting for a guardian to return 
i-dth a pittance of funds to purchase a few morsels of food for 
stcniach.s agonizing in pain. 

. Further, they should not be provided a curriculum that is as 

- crowded and cluttered and as cold as the flats they inhabit with 
wall-to-wall people. 

or as 

- overwhelming, challenging, and defeating as their efforts are 
in attempting tcJ" do more than just survive* 
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Perhaps n I'ev first steps is the examiniition oj' the I'ol loving basic 
MS Gumptions: 

1. That inner city youths behave in those ways thot ure expected by 
the model pdult figures. 

L'. Thut the nature of the discipline of rnjsthematics makes at least 

lirnited inferences for abstracting appropriate teaching strategies 
;jnd sequences. 

3. That there exist some compatible theories and principles of learning 
which should be employed. 

^4. Tliat if changes ere to be effected in the amount, rote, or quality 
of cnathetn tics that youths are to learn, then such* changes only 
occui" vhen the conditions for learning, the nuture of teaching^ ,and 
the relative positioning of concepts and skills in order of diffi- 
culty lire manipulated. 

5. That the nature and intensity of reinforcers may be ftinctions of the 
learners' social background, the discipline, and the predisposition, 
of the controlling adult figures. 

6» That since social learnings are acquired through imitation, it 
therefore is vital that there exist in each classroom, teachers 
. competent in subject matter, and who are also in- tuned to the pre- 
carious needs of youth and society. Such teachers must also be com- 
mitted to facilitating delinations of identities and thereby capable 
of providing strength to rejected youths as these youths grope with 
executing control amid the dynamics of antagonistic elements, each 
yielding forces capable of rendering discontinuities in their very 
being. 

Mathematics educators are morally and professionally obligated to explore 
in greater depth the implications of research and to commit those resources 
necessary for enabling this not necessarily college-bound population to acquiri 
those competencies needed by fully functioning persons. What, then, is our 
commitment towards developing .« theory of instruction for society's rejects? 
Remember, that the pedagogy that we design end implement today, returns in the 
tomorrows. We cannot escape accountability! 
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THE LABORATORY APPROACH TO TEACHING 
, ' MATHEMATICS IN T*IE INNER CITY 

Charles £• Allen 
Los Angeles City Unified School District 

A laboratory is defined as a building or room fitted up for conducting 
scientific experiments, analyses, or similar work. It is a department— as in 
a factory — for research, testing, and experimental technical work. Thus, a 
raotherastics laboratory wouid be one fitted up for conducting mathematical 
experiments. The laboratory approach would then be otie that provides the 
student with opportunity to conduct experiments, make analyses, research a 
particular concept, or test a hypothesis, ■- . 

My experiments have convinced me that the laboratory approach — as any 
approach— will be as successful as the teacher using it. This approach. is 
needed as badly in the outer city as In the inner city. Like all approaches, 
the laboratory will work as well with fast learners as it does with slow 
learners. This approach is heavily dependent upon pedagogy. It is greatly 
enhanced by the classroom atmosphere. The laboratory approach succeeds or 
fails regardless of the manipulative objects being used. 

Today, we find many gimmicks being used in the mathematics classroom. 
Acceptance of the laboratory approach has opened the floodgates for all kinds 
and types of gimmicks. I want to caution against an overemphasis of ' the 
gimmick. While they are valuable as motivational devices, the gimmicks must 
be algorithmic. They must ^e symbolic as well as functional. To paraphrase 
Dr. FDlya, any gimmick used roust be elegant. The elegance of the gimmick will 
vary directly as the number of ideas in it and will vary inversely as the 
effort it takes to see these ideas. I sincerely believe that any gimmick or 
medium used to teach matherastics should serve only as a cosmetic that enhances 
the beauty of the mathematical concept. Perhaps, like a cosmetic, the gimmick 
should be washed off at the end' of each day. 

Manipulative objects have proven very successful in the laboratory 
approach. They have a very high motivational value. The secret is to exploit 
this motivational value while it exists and to release it before the object 
has become a bore. The student must be introduced to the object and allowed 
time to free-play with it. He must be allowed to stretch the rubber bands 
and even to shoot them. He must be allowed to stack the poker chips, design 
wich the rods and blocks, ejcplore the calculator's keyboard with no particu- 
lar purpose in mind. 
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Task ctiTdc have proven useful in introducing the student to the object, 
allowing hitn the free-play in ti Gtinictured manner, and thou scquentiully 
leadinc hitn to discover a particular concept. With task cijixIg, one must keep 
the re<-Jding level ot least two grade levels below the iiUJthematical level. 

lA^ experiences have also convinced me that the slow learner doosnH 
always have to touch the manipulative object. His weakness ir, in his inability 
to locate an idea in his mind and to bring it to the forefront. If the tea- 
cher holds the object up in front of the elass, this is sufficient for the 
student to locate the object and call the object foin/ard. Most slow leurners 
are able to manipulate this object mentally. If the desire is to transfer the 
.student to some abstract concept, then perhaps v/e should allow him only u 
mental contact vith the object. 

Calculators,, computers, and terminals have proven very hot items in the 
matheraotics laboratory. However, I feel that very little software has been 
developed to justify the expenditure for these items. Tliey cannot be pur- 
chased just to make the student competent with the keyboards. Our objective 
should not be to teach only computer programming. The student must use these 
calculators and computers to learn mathematics. I also feel that the respon-- 
sibility of developing software rests squarely on the shoulders of the pro- 
ducers of the hardware. They must, as dt is evidently so, use classroom 
teachers to write this software material. 

\ Games, competitions, and grouping have proven highly successful in the 
laboratory approach > Very fe'r gai/ies have written directions that the slow 
learne;^ can read and understand by himself. Quite often, the time needed to 
explain and introduce a game could well be used to teach the concept in a 
more traditional approach. Very few teachers have the ability to introduce 
games and maintain a high level of interest in the' game. The inner city child 
competes in his everyday .life. Why not allow him to compete in the mathematics 
classroom? Through grouping initially, the stigma of defeat is shared, How 
to meet a failure and overcome.it is a very impor"£ant lesson for -the inner 
city child as well as the outer ^ity child. I feel that mst of our dropouts 
at Berkeley are the kids from suburbia who have nw-ver failed in their life 
until tliey get to Berkeley. "Our success-oriented educational system has not 



taught thetn how to live with failure. It has, in fact, done a poor job. of 
teaching them how to' live with success. 

The selection of the best games, the decision of rfhen to. inject' competi- 
tion, and the selection' of groups involve an e:q)ertise that is not found in 
the typical classroom teacher. Producers of materials must assume the 
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responsibility for including suggestions or giving directions Tor performing 
the taGki in □ minitnutn amount oX verbiHge, They must also give some conoideru- 
tion to supplementing the typical teacher' g personality '^Ith exciting and 
innovative student materials. Producers of m:^nlpul;itive objects must likevri^jc 
assume a responsibility for soi'tvure to accompiuiy tVic objects. They must be 
practicul und concern themselves with the amount of vork involved in setting 
up i\ typical ciusr> with maniijulative objects. They must give some considera- 
tion for in-service training of the teachers to use the objects J^uccessl'ully . 
It tnight be indicated here that teachers must be involved with the liibo. tory 
approach in the same manner that' they are to involve their students vdth it. 

V/hich direction, then, is the_ mathematics laboratory to follow? Is it 
to become merely a replica of the science laboratory? Does this type of 
laboratory produce the desired number of scientists? Does this type of labora- 
tory work successfully v.lth the slow learner ? Has this type of laboratory 
found tremendous success in- the inner city? I think not! The slow 
learner and most of the inner city students find it. difficult reading the 
science text to obtain their theory and then applying this theory in the 
laboratory experiment. 

Perhaps the mathematics laboratory is to develop along the lines oi* the' 
"shop'! classes, A student is given a job assignment or project to do, and 
then he is required to report on this job. Perhaps he is to stitch a curve, 
build a model, stack blocks, draw lines, measure distances, duplicate a tope 
on a calculator, or even fold paper. Once the job is accomplished, the student 
is then asked to complete some task cards that will lead him to discover the 
mathematical concept related to his job assignment. The reporting session 
could include many activities such as. verbal explanation to the class, written 
data on a table or chart, charing of ideas about the, job with a co-worker, 
or merely displaying the finished product for the critical eyes of the clas^. 

A prototype of a laboratoi-y assignment might suggest more specifically 
what I think a mathematics laboratory should be. The students^ arrive at the 
laboratory today to hear the Mission Impossible theme music being played on a ^ 
tape recorder or record player. They are handed sealed envelopes with ' 
instruction printed, on them, "DO NOT OPEN UIJTIL TOLD TO DC SO." After all 
the students are se' ted, the. tape recorder greets them and indicates thyt the 
head man cannot be there today, but the teacher will carry on in his absence. 
The agents are tO pay close attention to the teacher as he is one of the 
sharpest agents in the organization. (Teacher smiles.) 
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Each student is instructed to open his envelope which contain? six 
cubical counting blocks and a task card (k X 6 index card). On the task card 
wMl be miiy activities such as the following: 

1. You must be competent in measuring with these blocks. How long 
(in blocks) is your desk, book, the room, etc.? 

2. You must learn to develop or reproduce arrangements rapidly. How 
many different arrangements of the. six blocks can you make? 

How many arrangements are there if each block touches only two other 
blocks 2 . - . 

How many arrangemer/os of the blocks could be folded to make a cube? 

3. You must become a master with five blocks. 

How many different patterns can you make with five blocks if all 
blocks must touch each other flush (side- by- side)? 
PENTAMINOES. 

k» Three other agents have the same color blocks as you have. 
Get with them and await instructions for your team. 
How many different ways can your' team stack the blocks into perfect 
stacks? (No blocks left over and a solid formation.) 

5. Make a tinfoil cover for your team*s favorite formation. 

6. Draw and cut out a paper pattern for a container to hold your 2k 
blocks. 

7. Make a cardboard container for the formation selected by your team. 

8. You must measure the surface *area of each of the team's containers.'' 

9. Which arrangement has the maximum surface area? the minimum surface 
area? 

10. Your team must complete all the questions on your task cards. Be 
prepared for any member of your team to report to the class! 
DO NOT TELL AKXOKE WHAT YOU HAVE DONE ON THIS MISSION! 
imm TOUR BLOCKS TO THE ENVELOPE WITH TOUR TASK CARD AFTER EACH 
DAY'S ASSIGNMENTS REMEMBER YOUR ENVOLOPE NUMBERS 

What are the implications for the types of text materials that will be 
produced if a mathemaijics -laboratory is to become a reality? It will be more 
than one page in. a text titled, "Math Lab". - The laboratory approach must 
permeate throughout the entire text materialfe. The paperback books vlll be 
purely consumable! They will be changed frequently, as the approach is con- 
ducive to innovating and creating.. The studentt will be asked, "Can you solve 
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this?" rather than told to, "Solve this!" Guessing exercises will be provided 
for in the text. Home fun v.-ill replace homework. A concept vill bo intro- 
duced thro'-igh an acti^/ity, yTo^CL't, cr ^ainc. 

The teacher will be given the concept and ti few suggestions, then' told 
to improvise. The student :jnd teacher will have maximum room for changing 
the book's approach (many paths to the sume mountain). Fij miliar gadgets will 
be used to introduce unfamiliar conceptr and unfamiliar gadgets will get 
their introduction as a familiar concept is being presented. Humor and fun 
will replace the usual drab approaches in traditional texts. We must compete 
with Laugh- In! Audio- visual aids and multisensoiy media will be used as we 
compete with television commercials. The teacher will be able tc rapidly 
complete the student exercises and thus obtain a more than adequate picture 
of what is being attempted. Teacher guides will be in the form of diaries 
that give one successful teacher's method of attack. Concepts will be pre- 
sented in many different ways. The student will be conditioned to look many ■ 
different ways' at a problem. 

Every facet of the materials must be geared towar<^ developing learning 
as creative self-direction. Education will become not a preparation for 
living in the future; rather, a preparation by living in the present. Like 
the best materials and the best teacher, the laboratory approach will have 
high spots and low spots. No one will expe"^ to remain on the mountain top! 
What is most important, everyone will know that there is a_ mountain top ! 
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.. . REACTIOIi TO TilE PA5IEL 

yj.chiB«^n State University 

VJhen reacting to the t\v'o papers of Ite. Collins and Mr. Alieh^ I am 
impressed ivltli the contrasts of the different points of viev^ each of v/hich 
is valid when one is considering certain particular aspects of o mathcn^atics 
classroom learning situation, 

I vould characterize I>1rs. Collins' paper as convergent reljdng rather 
'liighly upon an S-R psychology. I feu^ she places too much faith in psychology 
being helpful in creating a healthy mathematics learning environment. 

The characteristics of the classroom which is described by Mrs. Collins 
provides for us a. good theoretical basis for this healthj-- learning environment, 
'fliese characteristics are: . . ' 

\' ■ ' ■■ ■ ; 

1. higher expectations; ■ ■ 

2. student involvement in decision making; 

3. increasing coinfort of the learners; 
use of natural language; 

5» prior "talk throughl' of concepts (advance organizerr.); ^ • 

6, special days for individual skill . building; 

■ 7. Immediate checking and correcting oi' problems . 

The results seem highly desirable vhen children display two and one-half 
years of growth in one yearj and v;hen most of the children were motivated to 
buy their own textbooks. 

We v/ei'e not told what the " Experi encing Mathematics Series " wasj how i- 
was being used, nor who wrote it. The nine positions taken by the authors 
are genera 1 statements which would gain \d.de agreement, but without specific 
examples, they are not very helpiXil. To claim that "such a series is based on 
the princii:)les of S-R psychology as she describes them, seems to me to be 
irrelevant to mathematics instruction. The research cited refers to monkeys, 
ratSj and pigeons learning cute little things or people learning "to refrain ' 
from shocking themselves or to memorize nonsense rjyllables. It may be true 
.. -Mat this kind of orientation toward mathematics instructions- has, in fact, 
been the cause of many of ovir problems in mathematics teaching rather than ' 
requesting, solutions./ Isr.'t .it that many poor teachers are "intensifying the 



stirnuli" in order to obtain better successive jjpproxitnution to the long divi- 
sion tilgorithtn? 

Or. the othor hond, Mr. Ailtn'y pMper roprcc.cnt^j :j rather divergent concept 
of the mathematics learning environment, Ify impression is that he feels thiit 
mathematics should be learned in a laboratory teacliing situation, that the 
classrooms should provide a wide variety of experiences for children, thut 
possibly we should throw away the text and that through the learning experi- 
ence in the leboratoiy every child will achieve and be successful. 

When one considers a mathematics classroom as a whole, and I mean here 
a healthy mathematics classroom, then one can appreciate the fact the class- 
room is an extremely complex phenomenon. And, in fact, a rather large collec- 
tion of seemingly contradictory phenomenon. Let me cite some examples. First, 
in any healthy mathematics learning classroom there has to be both an element 
of cooperation and an element of competition. Thesfe two characteristics tend 
to be contradictory, but I think the best example of ejcploiting both of them 
in the classroom can be seen in the way Laymen and Robert Allen have devised 
techniques to introducie Equations games tournaments. Suppose one had a class 
of thirty students and wished to conduct an Equations game tournament for one 
period each week for six weeks. Begin by making a preliminary estimate of 
each child's ability to play Equations game and rank order the students from 
one to thirty. This could be done in a very subjective fashion because the 
procedure developed is self- correcting. Three -man teams are formed so that 
there are ten teams in the room. Each team consists of one of the brighter 
kids, one of the middle kids, and one of the slower kids in the room. For 
the first ploying session, the chi.ldren are asked to play games in groups of 
three, but not with their team menibers. Instead, there a*"e ten tables in the 
room. These are ordered from top to bottom— cne to ten. At table number one 
are the three best players in the room, at table number two are the three next 
best players and so forth, such that at tafcle ten will be the three poorest 
players in the room. 

At the end of the first period of play, and before the beginning of the 
second period of play during the next week, the winner at each table is moved"' 
to the table above the loser of each table is moved to the table below. 
Therefore, through time, children tend to be playing with other children that 
Ere at their same skill level. Thus, the competition is fair. The coopera- 
tion comes in the team scoring and team effort. All of the students' scores 
are added into their total team score. The slower student usually contributes 
more points than the faster student to the team because the slower students 
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play simpler and faster games # Thus^ we have u good illustration or u class- 
room setting in vhich both the competitive snd the cooperative ^^spccts :jre 
uned to the tidvi.ntut^e of ieai-nirig situation, 

A cecond example of contradictory phenomenon is the role of success -juid 
failure in the classroom, Mr. Allen referred to the success- oriented curricu- 
lum in schools that has caused the drop-outs ot BerKeley. While it certainly,- 
is true that many places in school don't tell the children the truth about 
their inadequacies, it's at least equally true that in many places in school 
we continually tell the children about their inadequacies or at least what we 
view as inadequacies. In other words, much of the school experience is 
failure-oriented experience for children. Children operate under the threat 
of failure as a basic motivator in many situa.tions. Another phenomena is the 
relative role of work in groups as opposed to individual work. Both group 
work and individual work has a proper place in a successful mathematics learn- 
ing study. 

Still another contradiction is the relative emphasis upon conceptualiza- 
tion and understanding of mathematical ideas as opposed to practice in skill 
development. Another contradiction arises from the role of a classroom group 
discovery in an exciting learning situation as opposed to the idea that mathe- 
matics can be thought of as contemplative behavior. We have the contradic- 
tion of the cultural bias of standardized tes^ in mathematics versus the 
argument that mathematics provides culture-u?ree content, and thus provides 
possibilities for children in deprived areas. We have documents such as the 
Cambridge Conference Report on the correlation of Elementary science and 
mathematics and the SMSG Report No# 8 which shows no significant attitude 
.changes when science is used as a motivator of mathematical ideas. We have 
the contradiction of attempting to predetermine what the mathematics curricu- 
lum shall be, and at the same time, to attempt to provide for individual 
learning characteristics of children. It is unfortunate that we were not 
able to have the paper on classroom atmosphere written as was planned for 
this conference* because, in some ways, the classroom atmosphere may be the 
mos"; important characteristic of a mathematics classroom that we could con- 
sider. 



Mr. Ogle Wilkerson of the St, Louis Public Schools was invited to pre- 
sent a paper on classroom atmosphere. He was unable to atterid the conference 
due to illness. 
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Let me describe vhal: I -tnean by healthy rr^athomaticG classrcoin -ittnospherii. 
A healthy classrcorn Littnocphere vould be one in which there ia ^ degree of trur^f 
betv/ecr- the tsychor und the studeiit^ .Tinci betv/een student L-nd .ntijdent; one in 
v;hich t?iere"is a spirit oi' inquiry both on the part of ' the ■ teacher and on tlie 
part of the student. It is one In which the inquiiy is aimed toward the solu- 
tion of 'I'eal t>roblems — problemis that £ire sensed by the children and probletiis 
vhich they feel need answering. The solution to those problems arises out of 
the cooperative ef foists of the children and the teacher. -There is thu feeling 
of success in an achievement, and reports 'of the successful achievement to the 
children themselves, to the teachers, and to the parents. Tlie healthy class- ■ 
I'Oom haG opportunity J'or the children to particixjate in a variety of activities 
ut any time, and one in vhich' there is an excitement for the leai-ning taking 
place, " ^ c ; 

If the description above represents a classroom vath an ideal atmosphere, 
v/hat prohibits their existence so often? Pirst, maiiy classes that are un- 
healthy from an atmospheric point .of viev; are permeated with mistrust. >/]ay • 
do teachers not trust students and vhy do students not ti'ust teachers? To 
what extent is this because the teacher imposes the standard tasks and goals 
upon the students and, actually establishes a competitive attnosphere between 
the students. Hov many times have ve seen classrooms where the rule is that 
if you tell other children the answers, it hurt you. In other words, we 

establijsh the set-ting in ^■/hich imparting of knowledge is undesirable and we . 
call this an educational system. Many classrooHis do not reflect a spirit of 
inquiry. Might this be because teachers are. saying to students, "Let me tell 
you" what it is you are Interested in." In many classrooms, children are not 
working on the problems that are real to them. If Johnny can mow. -6 lawns 
in 3 hours, let him do it. In how many cases is the real 'problem the child 
is trying to solve, "iJow do I get this teacher.off my back?" In how many 
cases is the .main idea to get by with the minimum expectation? In how many, 
'classrooms is everyone expected to obtain the same concept or learn the same 
task at the some time? Hov: often do ve ha^e a situation where the idea is 
to get througtiJ:his drudgery so we' can get to the errichment work? \Jhy isn't 
all ni£va*^(Ifltics considered enrichment? 

riecently I was in a fourth grade class in an inner city school in Michi- 
gan where the teacher had 6 . children lined' up at the front chalkboard. The 
rest were sitting quietly in their seats. Each child at the front of the 
board had a division problem vdth one-digit divisor and- three-digit dividend. 
The children solved "^heir problems and returned to their seats. Then, each 
child in turn v/as' asked to go ta the front and using a pointer, explain his 



problem. It vrould go something liKe this: "% problem was to divide 7 into 

Seven woriH go irito 2. Seven into • 29 goes -\ tiirjes. Four times 
seven is 28. I dvnv in:/ liric- and subtract, liight from nine is i« ' Tvq i'rotu ■ . 
two is 0. I bring down the 6. Seven goes into 16- twice. Two times 7 
is ik, I draw my line and subtract. Four from 6 is 2. My problem v;as. 
to di^/ide 296 by J, The quotient is ^^2 and the fefnainder is 2," 

Off to the side of this problem one could see a string of computations 
including 

2 X 7 = ll^ / 

3 X 7 = 21 

; . 1| X 7 = 28 . , " ' 

- .5X7= . . . ■ 

V^hen all six of the children had completed giving descriptions of their prob- 
lems, with precisely the same ritual with each description, and only the num- 
bers being changed, the lesion was considered to be complete. Therefore, in 
o half hour time, the entire class of fourth grade children examined 6 iden- 
tical division problems, had all 6 of them explained in minute detail. Re- 
presented in that half hour were some aspects of what I tnight call a healthy 
leijrning situation, but" also many aspects which I would call unhealthy. 
Generally, the situation would have to be called stultifying. But because 
the classroom is so complex, it is difficult to name specific steps that could 
be taken to improve the learning environment. Clearly, the teacher could have 
behaved differently. There could have been a greater Variety of materials 
being used in the classroom. Certainly more of the children should have been 
actively involved than were. 

This brings brings me to a proposal which I would like to make to the . 
Board of SMSG., I would propose that SMSG engage in a research project in- 
volving a rather careful study of school mathematics classro'oms, arid through 
the study develop a concise description ; of what one might mean by a healthy 
mathematics classroom. In such a study, one Vroulct describe all of ':he kinds 
of .teacher behavior which might be desirable in certain circumstances, and. 
those kinds of teacher behavior which might be undesirable in certain circum- 
stances. Related to this, one could describe various kinds of s^f udent behavior, ■ 
various kinds of material that-'sre available, and how the materials ere used. 
The study could observe precisely what mathematical ideas exist in the class- 
room at any given time and how to introduce mathematical ideas to a classroom.. 
One could study the quantity and quality of questions, that are asked by stu- 
dents and by teachers, and the quantity and quality of answers given to ques- 
tions, '.One could study the various ways to provide for individual skill 
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development, and to record individual skill profiles for eech child. I would 
see after, a yef^r of study, thut the develcprnent of dia^^nostic toiims that would 
EG into 6 clBsjGroo'.n, uukc purticular observations and :'njusiiretnents> and be 
bble to describe to the teacher and to others liov thut particular classroom 
can be improved in what partSTcular way. I think after a year of study, one 
could be able to describe what a healthy mathematics classroom, then spend 
two years learning how to change unhealthy classrooms into healthy classrooms. 
I feel that teachers in classrootns today are as ripe for help in learning how 
to create u healthy ma theniati c s environment as they vere ready for the content 
changes in mathematics that were provided by SMSG ten years ago. 
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SU^MABY OF SMALL-GROUP DISCUSSIONS 



A summary of the discussions in the small groups is presented belov. 
Although these conunents emanated separately from four groups, many cocumon 
threads of thought appeared from group to group. Occasionally, however, there 
were contradictory remarks and recommendations even within the same group. In 
the editing, ve attempt to ex<^rcise no judgment on the merits of each. We 
classify "representative" recommendations and discussions according to each of 
3 specific questions directed to the attention of the groups; 

1. Whut can SMSG do to improve mathematics education in inner city 
schools? 

2. What teacher training is necessary for success in inner city schools 
and what can SMSG do about it? 

3. What curriculum materials need to be developed for inner city schools? 

In addition to proposing answers to these questions^ some of the partici- 
pants raised other related questions in the attempt to clarify the situations. 
Such questions are listed under the category most closely typifying tach, 

General Remarks 

In the course of the discussions, some general remarks emerged. We dis- 
play these first since they seem to characxerize the attitude of most )f th« 
participants* 

There was near unanimity in all groups that priority in inner city edu- 
cation should be giveti to preschool, kindergarten, and the early primary years. 
Likewise, almost all participants felt that little of value could be accom- 
plished unless the program includes great' emphasis on developing appropriate 
attitudes, insights, and vmder standing among teachers in inner city schools. 

What Can SMSG Do? 

Comments responding to the question, "What can SMSG do to improve mathe- 
matics education in inner city schools?" refer to general and specific recom^ 
mendations for SMSG different from what it might do in regard to teacher 
training and construction of curriculum materials. Recommendations in response 
to these latter two areas are listed separately under the questions on 
"Teacher Training" and on "Curriculum Materials". 




, SMSG inight prepare p'jckots of materials for cliissroom use .consisting 
of variety of a j" tides such bs booklets , vcir.sheots, i.m toys a long 
•.Hth itn tjiatherriJjtios pi'Ogr.a^n. " 

, SMSG trdght prepare parent -student packets of tnateriels Tor us\ ia the 

hotne. Such packets vculd include worksheets, toys, gtanies, and dircc- 

.tions to parents for directing childrea in learning activities at 

home , 

SMSG udght attempt ^o collect and dissettdnate natiom^lde, descriptions 
' of outstaviding practices and matei;ials for inner city schools. 

, . SiTO might ^oin in efforts to produce more TV programs similar to 
Sesaine Street for inner city children. It niight offer assistance on 
a consultancy basis to such program s«?ries to ensure undistorted muthe 
m&tical interpretations. 

, SMSG might develop tests for use in inner city schools in order to 
help evaluate accurately the contem}X)rary program. Oral^ nonverbal, 
and culture-free aspects should be considered carefully. 

, . SMSG jnight develop liaison vith some inner city school districts on 
a long-range i^asis. These locales would fui'nish a base for trial of 
materials and instructional techniques. The relationship should be 
of such a nature that SMSG would be responsible for th'e entiz^e mathe- 
wiatics program in a K-12 system' or subsystem. 

[in this connection, the following question was posed: "if ent.'ro 
school 'systems could be used as a basis, .what factors must or could 
be manipulated to bring. a bout increased learning in mathematics?] 

, SMSG might lend its prestige as a nationally recognized body to 
encourage experiments in the schools and by 'doing so, attract many 
better teachers to such experimental situation's. 

. SMSG might interest itself in additional research in the following 
' regards: . . 

(a) In an inner city^ setting, hov does one differentiate between the. 
ability-hindered slov; learner and the low achiever whose lack 

of achievement is primarily caused by economic, cultural, and 
educational disadvantage?" , /-y //^ / 

(b) \Ihat are the characteristics .tha;t an effective inner city 
teacher must have? -'^j* . 
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Teacher Training 

In tills category ore respcJises to th'e question^ "VHi-jI tG&cii-vr t^-alninf^ 
is necessary tor success in- inner city .schools .ynd v/h^t can SMSG do ubou': it?" 
Genei'al i-eirwrks^ not necessarily suggestions and recotmnendtjtions, "Jit- included 
in this siunmary as well us several questions raised in the riiidst of the dis- 
cussions. 

.'1. SWKj [idght develop or join in developing model inser\ace or pre- 
service courses for teachers in inner city schools. 

2. SMSG [flight set up teacher training centers similar to those in the 
Nuffield Project. Special training in iriethoHc ^nd tnaterials for 
use in inner city schools could be e:[ipb"jsized. 

3. SMSG tnight develop training niateri'^ L to' be used for /o^lr.ntary tutorsj' 
prjraprofessxonalsj and parents. These should be coupled ^v'ith instruc 
tional materials these persons tnx^ht use with children. 

h, SMSG might identify different strategies of^teacliing mathematics to 
the inner city child. 

5. SI*iSG inight develop behavioral objectives for te^ chei' inservice 
courses . 

6. Sl^G nd ght provide h diary o.* how inateriul was successfully presented 
to inner city children. by a stlected teacher. 

7. SMSG wiight demonstrate niicro-!? essons on video tapes as guides for 
teachers J illustrating good techniques in inner city schools end 
special personality aspects of teaching for these schools. /■ 

Belated questions proposed were: "Miat is 3 good classroom atirjosphere? ■ 
How can it be produced?" These questions wei'e left unanswer-ed. * 

In addition to the specific .suggestions > a few general commenturies in 
connection vdth teacher preparation and teacher attitudes were offered: 

(a) At the secondary levelj the problem is that the teacher has pre- 
conceived notions of whet the inner city students are like; for 

- example J a prevalent assumption seetns to be that the inner city 
students don*t want to learn, . 

(b) There is considerable transiency in teaching staff of inner city 
/schools. Consequently, any program of teacher training for 

' these schools should recognize this situation and be geared to 
training new teachers each year. 
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Curriculum Materials 

This port ol" the summary relates to the question, "Wiiat curriculum materi- 
als need to be developed for inner city schools?" Kti-coiiunendations refer to 
textual tuuterials for the general program as well as ancillary t[Uiterials in- 
cluding use of multi-media. The discussions involved a variety of aspects of 
curriculum materials such as format, content, approach, and philosophy. 

1. Materials that would promote individualization of instructions are 
needed. Current 'SMSG elementary text materials might be revised into 
short topical units. 

2. A variety of short topical units should be developed to accommodate 
several approaches to the same topic without regard for mathematical 
structure. Explicit information regarding sequence and how each unit 
might be used in a classroom should be written for the teacher. 

3. SMSG might develop materials suitable for heterogeneous groupings. 

h, SMSG might pursue the same kind of program it had done for the dis- 
advantaged elementary student. The trials of these materials which 
involved considerable teacher training were quite successful. 

5» Geometry, probability, and statistics are relatively nonverbal areas 
of mathematics that might be exploited in individual learning packets 
for students. 

6. The complexity, relevance, and sequence of computation' must be 
carefully examined and taken into account when curriculum material 
is written. 

/. 

7. A series of short tapes, films, and packages might be developed for 
use in inner eity schools. 

8. SMSG might use as examples, mathematics that are involved in games 
children play. 

9. We need motivation; delayed rewards are not effective in the inner 
city school class. 

10. SMSG should plan to use existing SMSG materials together with 

materials it might develop expressly for the inner city school child. 

Ambivalence with Item 1, to Ignore structure. Is noted In a recommendation 
that SMSG should be concerned that materials for the inner city school child 
reflect mathematical structure just as much as in the standard materials. 
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Finally, in direct opposition to Item h, a critical, philosophical, 
commont expostulated: "The mathematics community does not understand how to 
mo'':ivate with iininediate rewiirds for this population." 



91 



CiK:rii'G Vii.].Cl: 

Geortjo F, Arbo^iUDt 

i3civard G. Begle 

Btirbfira Branch 

Viiiccr;t Br«ut 

Clayt:in Buell 

Teri-y Chny 
. WilliJJia G, Chinn 

Peter Christianceti 

Elizabeth A, f-^llins 
.Burton PI. Colvin 

Theresu I. Dentnan 
Cred Dot) 5 on 
iSdcar L. Edwards 
Frederick A, Ficken 
Williain M, Fitsgerald 
Juck E, Forbes 
Arthur Freier 
Ann Fuller 
Leonyrd Gillinaii 
Joella Gipson " 

Herbert J. Gi^eenberg 
Suroh Greenlioiz 
Julius H. Hlavuty 

Vivian Ho r ton 
George Iriimerzeel 
Marvin L. Johnson 
Peter A. Luppan 
Eamm M. Lewis 
■ V/illiatn C. Lovry 
Dexter A. Magers 
Jane Martin 
Vincenu G.McBrien 
Truramels McColl 
Melvin Mendelsohn " 



Log An^oioj; Cl'ty U.iiriod Schoo.;, Dlsrrici 

Log Angeies City Unii'ic^d ;jchoo.i. Districr: 

Si^Gj Sttinl'ord Urdversity 

ML'!:iphis Public Schools 

Baltinore County Schools 

School District of Philsid<2lphiw 

SMSG, Stanford University 

City College of SijH Francii:co 

r-t^dison Public Schools 

P:3de County Public Schools 

Boeing Research Scientific Laboratories 
Seattle, Wnshincton 

Detroit Public Schools 

School District of Phi lajd^t'lphia 

Vii'ginia State Depai-tment of Education 

Now York University 

Michigan State University 

Purdue University at Hammond 

Los Angeles City Unified School Dx strict 

Trinity College, Hartford, Connecticut 

University of Texus 

University of Illinois Cotnmittee on School 
MiJthefiiatics 

University of Denver 

Cincinnati Public Schools 

llotionjjl Council of Teachers of Matheinatics, 
President 

Disti-ict cf Columbia Public Schools 

Iowa State College 

Long Beach Unified School District 

"f^Ii'thigan Stwte University 

District of Columbia Public Schools 

University of Virginia 

U.S. Office of Education 

Afton Public Schools^ Afton, Missouri 

College of Holy Cross 

School District of Philadelphia 

New York City Public Schools, 



92 



Joseph N, Payne 


University ol' Michigan 


Henry 0. Poilak 


Bell Telephone Uiboratcries^ Mui^ruy" Kill, 






Vernon Price 


University of Iow^j 


George J. Boss 


New York City Public Schools 


Icabelle P. Rucker 


Virginia State Department of Education 


Irvin Schwartz 


School District of Philadelphia 


Terry Shoemaker 


Custle Rock Public Schools, ' Ctistle BocK, Color 


Gwendolyn Shufelt 


Roswell Public Schools^ Roswell, Georgia 


Dora H • Skypek 


Qnory University 


Ezra I. Staples 


Associate Superintendent, School District of 




Phi ladelphiQ 


Mary E. Stine 


Fairfax County Public Schools, Virginia 


Paul A. White 


University of Southern Culiforniu 


Heniy I, Willett 


Virginia Cotntnonwealth University 


Mildred WilUams 


Chicago Public Schools 


Frank L. Wolf 


Carleton College 


Lauren G. Wood by 


Michigan State University 


Marilyn J* Zweng 


University of Iowa 



\ 

■ ' 



\ 
1 



I 



I 



